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THE 

T ranflator’s  Preface. 

H  E  feveral  Editions  which 
thisTreatife  has  pafied  thro', 
both  in  French  and  Latin> 
are  a  fufficient  Teftimony 
how  acceptable  and  ufeful 
it  has  been  to  the  World,' 
and  a  juft  Apology  for  my 
tfariflating  it  into  Englijh.  I  fhall  not 
therefore  trouble  the  Reader  with  any  par¬ 
ticular  Account  either  of  the  Excellency  of 
the  Subject,  the  Abilities  of  the  Author,  or  the 
Method  he  has  proceeded  in,  but  refer  them, 
all  to  be  judged  of  by  the  Book  it  felf :  Only 
as  to  the  Notes  the  Reader  is  defined  to  take 
Notice,  that  therein  is  a  full  AnfWer  to  fuch 
Objections  made  againft  the  Author  as  fee’m 
not  to  have  any  juft  Foundation,  and  a  great 
many  Things  in  Natural  Philofophy,  which 
have  been  fince  found  out  by  the  Pains  and 
Induftry  of  later  Philofophers,  are  here  fe- 
leCted  from  the  beft  Writers  5  and  there  are 
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alfo  feveral  Things  added  out  of  the  Obfer- 
vations  of  the  ancient  Writers  of  Natural 
Philofophy  and  Natural  Hiftory,  where  they 
feemed  further  to  explain  and  illuftrate  Mat¬ 
ters.  In  all  which,  to  avoid  Repetition,  Gra¬ 
titude  demands  that  the  Reader  fhould  know 
that  there  are  a  great  many  Things  owing  to 
the  learned  and  iniduftrious  Dr.  Laughton,  and 
to  the  Reverend  Mr.  Morgan .  The  former 
of  which  communicated  a  great  many  Things 
difperfed  throughout  the  whole  Book,  and 
corrected  Abundance  of  Errours  :  And  fix 
whole  Diflfertations  are  owing  to  the  latter, 
•biz.  Thofe  concerning  the  Laws  of  com¬ 
municating  Motion  in  elafick  Bodies ;  Fhe 
Explication  of  the  Forces  of  the  mechanick 
Powers ,  which  are  contained  in  this  firfl: 
Part ;  and  thofe  concerning  the  Celerity  with 
which  heavy  Bodies  defend ;  the  Motion  of 
Projectiles ;  the  Motion  of  Pendulums  ;  and 
that  concerning  the  Rainbow  \  which  are  con¬ 
tained  in  the  following  Parts. 

T  h  e  fourth  Part  of  this  Work  is  but 
fhort,  and  not  very  perfect ;  wherefore  it  is 
thought  more  advifeable  to  refer  the  Reader 
to  later  Writers  of  Anatomy  who  have  hand¬ 
led  that  Subject  clearly  and  fully,  than  to 
tranfcribe  fo  many  Particulars.  I  hope  the 
Whole  will  be  agreeable  and  acceptable. 
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H  E  Trcatifes  of  Natural  Phi- 
lofophy  which  have  hitherto 
been  published,  being  pretty 
much  alike,  both  as  to  the 
Matter  of  them,  and  the  Man¬ 
ner  of  handling  them  ;  It  is 
eafy  for  me  to  forefee,  that  amongft  thofe 
who  read  This,  there  will  be  a  great  many 
who  will  be  at  firft  furprized  at  the  great 
Difference  there  is  between  this  Treatife  and 
others.  To  prevent  therefore  in  fome  Mea- 
fure  this  Surprize,  and  to  give  what  Satis¬ 
faction  I  can  in  this  Matter,  I  think  my  felf 
obliged  to  give  an  Account  of  the  Obferva- 
tions  which  I  have  made  upon  the  Philofo- 
phy  of  the  Ancients,  and  of  the  Method 
which  I  have  taken  in  this  Work. 

I N  reflecting  upon  the  different  EffeCts  of 
Time,  I  have  long  fince  obferved,  how  fa¬ 
vourable  it  is  to  fome  Things,  which  it 
is  continually  advancing  to  Perfection,  and 
how  pernicious  it  is  to  others ,  fo  as  to 
ftrip  them  of  thofe  Beauties  and  Graces 
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which  they  had  at  their  firft  Rife ;  and  I 
always  concluded  that  Arts  and  Sciences  can¬ 
not  be  of  the  Number  of  thefe  latter,  but 
that  Time  is  fo  far  from  being  prejudicial  to 
them,  that  on  the  other  Hand  it  is  very  ad** 
vantagious.  For  as  a  great  Number  of  Per- 
fons  who  cultivate  the  fame  Art  or  Science 
for  feveral  fucceeding  Ages,  add  their  own 
Induftry,  and  their  new  Light  to  the  anci¬ 
ent  Difcoveries  of  thofe  who  went  before 
them,  it  is  impoffible  but  that  fuch  an  Art 
or  Science  muft  receive  great  Improvement, 
and  arrive  nearer  and  nearer  to  its  •  utmoft 
Perfe&ion. 

And  thus  I  faw  that  Mathematicks  did 
really  increafe  by  little  and  little  in  this 
'Manner ;  as  it  is  eafy  for  any  one  to  be  con¬ 
vinced  of,  who  considers  only  the  vaft  Pro- 
grefs  that  bath  been  made  by  the  great  Ge¬ 
nius’s  of  our  Time,  who  have  excelled  all 
others  in  this  Particular,  and  furmoynted 
fuch  Difficulties  as  the  moft  Learned  in  for¬ 
mer  Ages  confeffed  they  were  not  able  to 
folve.  I  faw  alfo  that  moft  Arts  were  per¬ 
fected  by  Time;  Workmen  every  Day  find¬ 
ing  out  a  Multitude  of  curious  Inventions, 
which  are  not  fo  much  efteemed  as  they 
deferve,  becaufe  they  are  very  common, 
and  .  we  do  not  enough  take  Notice  of 
them.  Though  amongft  thofe  Engines  which 
are  employed  in  making  Things  of  common 
Ufe,  there  is  One  that  has  been  lately  in¬ 
vented  ,  which  has  in  it  fo  much  Contri¬ 
vance,  that  this  Angle  Thing  deferves  to  be 

more 
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more  admired  than  all  the  Inventions  of 
Antiquity, 

But  when  I  came  to  confider  Philofo- 
phy,  particularly  Natural  Philofophy,  I  was 
very  much  furprized  to  fee  it  fo  barren  as 
not  to  have  produced  any  Fruit ;  in  fo  much 
that  twenty  Ages  have  paffed,  without  any 
new  Difcovery  made  in  it. 

H  owever,  I  could  not  perfuade  my 
felf,  that  the  Study  of  Natural  Things  was 
negledted,  becaufe  it  was  thought  to  be  of 
no  Ufe  ;  for  Health  has  always  been  efteem- 
ed  one  of  the  chief  Blefiings  of  Life,  and 
no  one  can  be  ignorant,  that  Phyfick,  the 
foie  End  of  which  is  to  maintain  and  re- 
ftore  Health,  is  built  upon  Natural  Philo¬ 
fophy. 

Nor  could  I  ever  perfuade  my  felf,  that 
thofe  who  improved  this  Science  were  lefs 
ingenious,  than  common  Artifts :  For  we 
find  by  Experience  that  in  Families  where 
there  are  a  great  many  Children,  when  they 
come  to  make  choice  of  their  Profefiions, 
thofe  of  them  which  have  the  quickeft  Ge¬ 
nius,  are  appointed  for  Study,  or  volunta¬ 
rily  incline  themfelves  to  it;  and  thofe  only 
whofe  Underftanding  is  not  fo  good,  apply 
themfelves  to  the  mechanical  Arts,  and  are 
contented  with  their  Lot. 

Her  eupon  I  fufpedted,  that  perhaps 
the  Knowledge  of  Natural  Things  was  a- 
bove  the  Reach  of  humane  Underftanding 
fo  that  it  was  in  vain  to  labour  to  attain  that 
which  is  beyond  our  Capacity  :  but  when  I 
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confider'd  the  furprizing  Things  done  by 
fome  Philofophers  of  our  own  Age,  who 
within  forty  or  fifty  Years  have  found  out 
Things  which  were  looked  upon  as  moft  dif¬ 
ficult,  and  which  fome  have  doubted,  whe¬ 
ther  ever  they  could  be  found  out  at  all  ;  I 
immediately  caft  off  this  Sufpicion. 

So  that  I  was  forced  to  conclude,  that 
the  Manner  of  philofophizing ,  was  the 
Thing  that  had  hitherto  been  miftaken,  and 
that  the  Errors  therein  which  have  been  in¬ 
troduced,  being  fuch  as  no  Body  had  any 
Hopes  of  finding  out  a  Remedy  equal  to, 
were  a  certain  Bar  to  hinder  the  Approaches 
towards  Truth.  I  fet  my  felf  then  to  en¬ 
quire  wherein  the  Manner  of  their  treating 
Philofophy  was  defective  ;  and  after  having 
examined  with  the  greateft  Diligence  poffi- 
ble,  what  the  Method  has  been  from  the 
Schools  of  the  Athenians  down  to  this  very 
Time  ;  there  feemed  to  me  to  be  four  Things 
blameable  in  this  Matter. 

Firft,  The  two  great  Authority  that  hath 
always  been  given  to  the  Ancients  in  the 
Schools :  For  befides  that  this  prodigious 
Difference  which  is  put  between  them  and 
the  Moderns,  is  without  the  leaft  Founda¬ 
tion  ;  (for  Reafon  is  to  be  found  in  every 
Place  and  every  Age  ;)  it  is  certain  that  fuch 
a  blind  Submifiion  to  the  Opinions  of  An¬ 
tiquity,  is  the  Caufe  why  Perfons  of  the 
greateft  Genius,  (receiving  fuch  Opinions  for 
true  without  confidering  them,  when  per¬ 
haps  hey  may  be  falfe,)  have  not  an  Op¬ 
portunity 
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portunity  of  knowing  the  contrary  Opini¬ 
ons,  nor  confequentlv  of  finding  out  all 
thofe  other  Truths  that  depend  upon  thofe 
which  fo  fatal  a  Prejudice  has  hindred  them 
from  feeing.  And  further,  this  ftrong  Per- 
fuafion  of  our  being  fo  much  inferiour  to 
the  Antients,  caufes  in  us  a  Kind  of  Slug- 
giffinefs  and  Diffidence,  which  hinders  us 
from  attempting  to  enquire  into  any  Thing 
at  all.  We  imagine  that  Reafon  is  limited 
at  the  Place  where  they  flopped,  and  that 
all  is  done  that  can  be  done  humanely 
fpeaking,  if  we  go  as  far  as  they  went. 
Thus  the  greateft  Genius’s  contenting  them- 
felves  with  going  over  the  Reafonings  of  the 
Antients,  don’t  exercife  their  own  Reafon 
at  all  ;  and  though  they  be  never  fo  capable 
©f  finding  out  any  Thing  themfelves,  they 
contribute  no  more  to  the  advancing  Natural 
Philofophy,  than  if  they  had  not  meddled 
with  it  at  all. 

Isay  nothing  particular  of  that  Vene¬ 
ration  which  had  been  paid  to  Arijiotie , 
though  fometimes  it  has  rifen  to  fuch  an  Ex- 
cefs ;  that  to  alledge  that  he  faid  fuch  a 
Thing,  was  fufficient  to  make  any  One  not 
only  to  doubt  of  what  his  Reafon  convinced 
him,  but  even  to  condemn  it.  I  fhall  only 
make  this  Obfervationj  that  the  Imagination 
which  a  great  many  have  had,  that  He  knew 
all  that  could  be  known  ;  and  that  all  Sci¬ 
ence  was  contained  in  his  Books,  hath 
caufed  the  greateft  Part  of  the  beft  Philofo- 
phers  fince  to  apply  themfelves  in  ryain  to 
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read  his  Works,  to  find  out  in  them  what 
was  not  there,  and  what  they  might  perhaps 
otherwife  have  found  out  by  their  own  In¬ 
genuity.  But  if  there  have  been  fome  who, 
not  being  quite  fo  zealous  as  others,  did 
not  hope  to  reap  fo  very  much  Fruit  from 
reading  him  ;  yet  it  always  happened  that 
the  Defire  of  recommending  themfelves  by 
explaining  thofe  Places  which  he  left  ob- 
fcure  (  on  purpofe,  as  fome  think,  or  elfe 
for  want  of  better  Light )  hath  made  them 
employ  their  whole  Strength  of  Mind,  and 
all  their  leifure  Time,  to  very  little  Purpofe, 
in  writing  Comments  upon  his  Philofophy, 
without  promoting  the  Science  at  all  :  For 
thofe  who  have  undertook  to  explain  Arif- 
tntle  ;  have  underftood  him  fo  differently, 
that  there  are  an  infinite  Number  of  Places 
which  all  the  Schools  are  divided  about ; 
And  if  there  be  fome  few  in  which  they 
have  'agreed,  it  is  becaufe  the  Notions  con¬ 
tained  in  them  were  fo  common,  that  very 
few  Perfons  were  ignorant  of  them.  So  that 
they  took  more  Pains  to  ftudy  Arijlotle  than 
they  did  to  ftudy  Nature,  which  perhaps  is 
not  near  fo  myfterious  as  He.  There  are  a 
Multitude  of  Things  which  Nature  plainly 
declares  to  thofe  who  apply  their  Mind 
thereto.  But  alas,  this  is  not  the  Cuftom, 
we  had  rather  hearken  to  Arifotle  and  the 
Antients  ;  and  this  is  the  Reafon  why  we 
make  fo  little  Progrefs. 

Another  Thing  which  hinders  the 
Progrefs  of  Natural  Philofophy,  is  the  Treat¬ 
ing 
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ing  thereof  in  a  Manner  too  metaphyficaU 
and  theDifputing  about  Queftions  foabftradt 
and  general,  that  though  all  Philofophers 
were  agreed  in  their  Notions  of  them,  yet 
they  would  not  help  to  explain  the  leaft 
particular  Effedt  in  Nature ;  whereas  every 
ufeful  Science  ought  to  defcend  immediately 
to  Particulars.  For  Inftance,  what  good  do 
thofe  long  and  nice  Difputes  do,  about  the 
Divijibility  of  Matter ?  For  though  it  could 
not  be  accurately  determined,  whether  it  be 
infinitely  divifible  or  no;  it  would  be  fufii- 
cient  to  know,  that  it  can  be  divided  into 
Parts  fmall  enough  to  ferve  for  all  Purpofes 
that  can  be. 

I  t  is  very  ufeful,  without  doubt,  to  find 
out  the  Nature  of  Motion  in  general.  And 
it  may  not  be  very  improper  to  examine  a 
little  whether  it  be  well  or  ill  defined  thus, 
*The  AEi  of  a  Being  in  Power ,  fo  far  forth 
as  it  is  in  Power .  But  we  fhould  not  fpend 
too  much  Time  in  determining  this,  and 
fuch  like  Queftions ;  1  fhould  rather  think, 
that  after  having  confidered  a  little  the  true 
Nature  of  Motion  in  general,  we  fhould 
particularly  and  diftindtly  examine  all  the 
Properties  of  it,  fo  that  what  we  affirm 
concerning  it,  may  be  applied  to  fome  Ufe  ; 
In  a  word,  I  think  we  fhould  carefully 
enquire  into  the  Caufe  why  Matter  pro¬ 
duces  fuch  a  particular  EfFedt  rather  than 
any  other,  and  not  accuftom  ourfelves  to  fay 
that  it  is  the  Effedt  of  a  certain  Quality  ;  for 
from  hence  it  is  that  we  are  led  to  give 
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Words  inftead  of  Reafons,  and  hence  arifes 
that  fenfelefs  Vanity  of  thinking  that  we 
know  more  than  others,  becaufe  we  know 
Words  which  the  common  People  don’t 
know,  and  which  indeed  have  no  deter¬ 
minate  Meaning.  To  fay  the  Truth  ;  it 
fhows  a  mean  Spirit,  and  one  that  is  foon 
fatisfied ;  to  believe  that  we  know  more  of 
Nature  than  other  Men,  becaufe  we  have 
learn’d  that  there  are  occult  Qualities,  and 
can  give  a  General  Anfwer  to  all  Queftions 
propofed  to  us  concerning  the  different 
Effects  of  Nature.  For  what  Difference  is 
there  in  the  Anfwer  of  a  Plowman  and  a 
Philofopher,  if  they  are  both  asked,  whence 
is  it,  for  Inftance,  that  the  Loadftone  at¬ 
tracts  the  Iron,  and  the  one  anfwer s,  that 
he  does  not  know  the  Reafon  of  it,  and  the 
other  fays,  it  is  done  by  fome  Vertue  or  oc¬ 
cult  Quality  ?  Is  not  this  in  plain  Englijh ,  to 
fay  the  fame  Thing  in  different  Words  ?  and 
is  it  not  evident,  that  all  the  Difference  there 
is  betwixt  them  is  only  this,  that  the  one  is 
fo  honeft  as  to  confefs  his  Ignorance,  and 
the  other  has  the  Vanity  to  endeavour  to  con¬ 
ceal  his? 

A  third  DefeCt  which  I  have  found  in 
the  Method  of  Philofophers,  is,  that  fome 
of  them  are  wholly  for  Reafon ing,  and  de¬ 
pend  fo  much  upon  the  Strength  of  their 
Arguments  (eipecially  if  they  be  borrowed 
from  the  Antients)  that  they  judge  it  fuper- 
fiuous  to  make  any  Experiments.  Others  on 
the  contrary,  quite  tired  with  fuch  tedious 
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Arguments,  the  greateft  Part  of  which  arc 
not  conclufive,  or  are  nothing  to  the  Pur- 
pofe,  think  every  Thing  ought  to  be  redu¬ 
ced  to  Experiment,  and  that  there  fhould  be 
no  Reafoning  at  all.  But  both  thefq  Ex¬ 
tremes  do  equally  hinder  the  Progrefs  of  Na¬ 
tural  Philofophy.  For  they  who  fall  into 
the  firft  of  thefe  Errors,  hinder  themfelves  of 
the  beft  Means  of  finding  out  new  Difco- 
veries,  and  of  confirming  their  own  Argu¬ 
ments  likewife ;  And  they  who  fall  into  the 
fecond,  by  depriving  themfelves  of  the  Li¬ 
berty  of  drawing  Conclufions,  hinder  the 
Knowledge  of  a  large  Train  of  Truths, 
which  may  many  Times  be  deduced  from 
one  fingle  Experiment.  Wherefore  it  can¬ 
not  but  be  very  advantagious  to  mix  Expe¬ 
riments  and  Arguments  together.  For  Rea¬ 
foning  perpetually,  and  upon  fuch  general 
Things  only  as  are  ordinarily  argued  about, 
without  defcending  to  Particulars,  is  by  no 
Means  the  Way  to  attain  any  very  exten- 
five  or  very  certain  Knowledge  :  Thus  we 
fee  the  fame  Things  continually  bandyed 
about,  and  no  new  Difcoveries  made  ;  nay, 
we  are  not  very  fure  of  the  old  ones,  as 
general  as  they  are.  We  fee  alfo  that  they 
who  confide  moft  in  thofe  Arguments  which 
they  believe  to  be  Ariftotles ,  are  in  perpe¬ 
tual  Difpute,  and  that  they  contend  for  Opi¬ 
nions  which  are  diredly  contrary  to  one 
another,  without  being  able  to  convince 
thofe  of  the  other  Side  by  their  Arguments. 
And  this  plainly  (hows  how  little  Certain- 
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ty  or  Evidence  there  is  in  their  bare  Rea^ 
fotting. 

Experiments  therefore  are  neceflary 
to  eftablifh  Natural  Philofophy ;  and  this 
was  a  Thing  which  Arifiotle  was  fo  fully 
convinced  of,  that  the  Reafon  why  he 
thought  that  very  young  Perfons  fhould  not 
apply  themfelves  to  the  Study  of  Natural 
Philofophy,  was,  becaufe  at  that  Age  they 
are  fo  little  acquainted  with  Things,  as  to  be 
unable  to  have  made  many  Experiments  \  and 
on  the  other  Hand  he  was  of  Opinion,  that 
they  were  then  moft  capable  of  receiving 
Mathematicks,  becaufe  this  Science  confifts 
of  meer  Reafoning,  of  which  the  Mind  of 
Man  is  naturally  capable,  and  does  not  at  all 
depend  upon  Experiments. 

B  u  t  on  the  contrary  to  rejeCl  entirely  all 
Reafoning ,  in  order  to  do  nothing  but 
make  Experiments,  is  to  run  into  another 
Extremity  much  more  prejudicial  than  the 
former.  For  this  is  wholly  to  difcard  Rea^ 
fon,  and  yield  all  up  to  Senfe,  and  to  con¬ 
tract  our  Knowledge  into  a  very  narrow 
Compafs  ;  for  by  Experiments  we  can  come 
to  the  Knowledge  of  grofs  and  fenfible 
Things  only.  Wherefore  if  we  would  pro¬ 
ceed  rightly  in  our  Enquiries  into  natural 
Things,  we  muft  of  Neceffity  mix  thefe  two 
Means  of  Knowledge  together,  and  join 
Reafon  with  Experiments. 

And  that  we  may  the  better  fee  the  good 
Effects  of  thefe  two  when  joined  together, 
and  the  Ufe  that  may  be  made  of  them, 
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to  the  Advantage  of  Natural  Philofophy, 
we  may  obferve  that  there  are  three  Sorts 
of  Experiments.  The  firft  is,  to  fpeak  pro¬ 
perly,  only  the  mere  Ample  ufing  ourSenfesj 
as  when  accidentally  and  without  Defign, 
carting  our  Eyes  upon  the  Things  around 
us,  we  cannot  help  taking  Notice  of  them, 
without  thinking  of  applying  what  we  fee 
to  any  Ufe.  The  fecond  Sort  is,  when  we 
deliberately  and  defignedly  make  Tryal  of 
any  Thing,  without  knowing  or  forefeeing 
what  will  come  to  pafs;  As  when,  after  the 
Manner  of  Chymifts,  we  make  Choice  of 
lirft  one  Subjedl  and  then  another,  and  make 
all  the  Tryals  we  can  think  of  upon  each  of 
them ,  and  carefully  remember  what  we 
have  at  any  Time  found  to  fucceed,  and 
the  Manner  in  which  we  arrived  at  any 
certain  Effeft,  in  Order  to  apply  the  fame 
Means  another  Time  to  produce  the  fame 
Effect.  We  alfo  make  Experiments  in  this 
fecond  Way,  when  we  go  amongft  diffe¬ 
rent  Sorts  of  Workmen  in  Order  to  find 
out  the  Myfteries  of  their  Arts,  as  Glafs- 
makers,  Enamellers,  Dyers,  Goldfmiths,  and 
fuch  as  work  different  Sorts  of  Metals,  and 
to  obferve  how  they  prepare  their  Materials, 
apd  how  every  one  of  them  afterwards  work 
upon  thofe  which  belong  to  them.  Laftly, 
The  third  Sort  of  Experiments  are  thofe 
which  are  made  in  Confequence  of  fome 
Reasoning  in  order  todifeover  whether  it  was 
juft  or  not.  As  when  after  having  confidered 
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the  ordinary  Effeds  of  any  particular  Sub- 
jed,  and  formed  a  true  Idea  of  the  Nature 
of  it,  that  is,  of  That  in  it  which  makes  it 
capable  of  producing  thofe  Effeffis  \  we  come 
to  know  by  our  Reafoning,  that  if  what 
we  believe  concerning  the  Nature  of  it  be 
true,  it  muft  „neceflarily  be,  that  by  dif- 
pofing  it  after  a  certain  Manner,  a  new 
Effed  will  be  produced,  which  we  did  not 
before  think  of ;  and  in  Order  to  fee  if  this 
Reafoning  holds  good,  we  difpofe  the  Sub¬ 
ject  in  fuch  a  manner  as  we  believe  it  ought 
to  be  difpofed  in  Order  to  produce  fuch  an 
Effed. 

Now  it  is  very  evident  that  this  third 
Sort  of  Experiments  is  of  peculiar  Ufe  to 
Philofophers,  becaufe  it  difcovers  to  them 
the  Truth  or  Falfity  of  the  Opinions  which 
they  have  conceived.  And  as  to  the  two 
foregoing  ones,  though  they  be  not  altoge¬ 
ther  fo  excellent,  yet  they  ought  not  to  be 
wholly  rejeded  as  of  no  Ufe  to  Natural 
Philofophers.  For  beiides  that  their  Know¬ 
ledge  is  continually  enlarged  by  them,  they 
are  alfo  the  Occafion  of  making  the  firft 
Conj edures  concerning  the  Nature  of  thofe 
Subjeds  which  Natural  Philofophers  are  con¬ 
versant  about ;  and  preferve  them  from 
fome  falfe  Notions  they  might  other  wife 
perhaps  have  entertained.  Thus,  for  In- 
ftance,  we  might  have  concluded  in  general, 
that  Geld  contraffis  and  condenfes  every  Thing , 
if  we  had  not  difcovered  by  Chance  or 
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otherwife,  that  there  are  Things  which  are 
dilated  by  Cold. 

The  fourth  DefeCt  that  I  obferved  in  the 
Method  of  Philofophers,  is  the  neglecting 
Mathematicks  to  that  Degree,  that  the  very 
firft  Elements  thereof  are  not  fo  much  as 
taught  in  their  Schools.  And  yet,  which  I 
very  much  wonder  at,  in  the  Divifion  which 
they  make  of  a  Body  of  Philofophy,  they 
never  fail  to  make  Mathematicks  one  Part 
of  it. 

Now  this  Part  of  Philofophy  is  perhaps 
the  moft  ufeful  of  all  others,  at  lead  it  is  ca¬ 
pable  of  being  apply ’d  more  Ways  than  all  the 
others:  For  befides  that  Mathematicks  teach 
us  a  very  great  Number  of  Truths  which  may 
be  of  great  Ufe  to  thofe  who  know  how  to 
apply  them  :  They  have  this  further  very 
confiderable  Advantage,  that  by  exercifing  the 
Mind  in  a  Multitude  of  Demonftrations,  they 
form  it  by  Degrees  and  accuftom  it  to  dif- 
cern  Truth  from  Falfehood  infinitely  better, 
than  all  the  Precepts  of  Logick  without 
Ufe  can  do.  And  thus  they  who  fcudy  Ma¬ 
thematicks  find  themfelves  perpetually  con¬ 
vinced  by  fuch  Arguments  as  it  is  impoffible 
to  refift>  and  learn  infenfibly  to  know  Truth 
and  to  yield  to  Reafon  ;  infomuch  that  if  in- 
ftead  of  negleCting  them,  as  is  ufualiy  done  ; 
it  were  an  eftablifhed  Cuftom,  to  make  Chil¬ 
dren  apply  themfelves  to  this  Science  at  firft, 
and  to  improve  them  in  thefe  Studies  as  much 
as  we  do  in  others ;  it  would  be  of  vafl  Ufe 
to  hinder  them  from  contracting  that  invin- 
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cible  Obftinacy  in  their  Opinions  which  we 
fee  in  the  greateft  Part  of  thofe,  who  have 
compleated  their  Courfe  of  Philofophy ;  who 
probably  would  not  have  fallen  into  fo  per¬ 
nicious  a  Temper  of  Mind,  if  they  had  been 
accuftomed  to,  and  familiar  with  convincing 
Truths ;  and  not  feen  thofe  who  maintain  in 
publick  any  Doctrine  whatever,  continually 
triumph  over  thofe  who  endeavour  to  fup- 
port  the  contrary  ;  fo  that  all  Things  feem 
to  them  only  mere  Probabilities.  They  do 
not  look  upon  ftudying  as  a  Means  to  difco- 
ver  new  Truths,  but  only  as  a  Piece  of  Wit 
to  exercife  themfelves  in,  the  only  End  of 
which  is  fo  to  confound  Truth  with  Falfe- 
hood  by  Means  of  fome  fubtle  Diftindtions, 
that  the  one  or  the  other  may  be  equally 
maintained,  without  ever  being  compelled  by 
any  Reafons  to  yield,  let  the  Opinion  they 
defend  be  never  fo  extravagant.  And  indeed 
this  is  the  Event  of  all  publick  Difputes  , 
where  very  often  Opinions  diredH/  contrary 
to  each  other,  are  by  Turns  propofed  from 
the  fame  Chair,  and  equally  triumphed  in, 
without  making  Matters  at  all  clear,  or  efta- 
blifhing  any  Truth  thereby. 

But  the  great  Advantage  that  natural 
Philofophers  have  from  Mathematicks  in  par¬ 
ticular,  is,  that  they  are  thereby  accuftomed 
to  the  viewing  of  Figures,  and  enabled  to 
underftand  the  different  Properties  of  them. 
I  know  it  is  here  objedtcd  by  fome,  that  we 
ought  not  to  ftop  at  Figures,  becaufe  they 
are  not  a£lircc .  But  though  they  are  not 
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aBive  in  themfelves,  yet  it  is  certain  not- 
withftanding  that  their  Differences  make  Bo¬ 
dies,  which  we  put  into  Adtion,  capable  of 
certain  Effedts,  which  otherwise  they  could 
not  have  produced.  Thus  a  Knife  by  having 
an  Edge  fet  upon  it  becomes  capable  of  cut¬ 
ting,  which  before  it  was  not ;  and  Work¬ 
mens  Tools,  by  their  different  Figures,  are 
fitted  to  produce  thofe  different  Works  which 
are  made  by  the  Help  of  them.  And  if  the 
Figures  of  Bodies  which  come  under  our 
Senfes  are  fo  neceffary  to  the  Effedts  which 
they  produce,  it  is  reafonable  to  think  that 
the  moft  imperceptible  Parts  of  Matter,  fee¬ 
ing  they  have  every  one  a  certain  Figure, 
are  alfo  capable  of  producing  certain  Effedts 
in  Proportion  to  their  Bignefs,  like  thofe 
which  we  fee  produced  by  the  groffeft  Bo¬ 
dies. 

But  not  to  enter  too  far  into  Particulars 
concerning  the  great  Ufe  of  Mathematicks, 
Is  it  not  enough  to  put  us  upon  applying 
ourfelves  more  to  them  than  we  have  hitherto 
done,  to  confider,  that  ’tis  by  their  Means 
that  the  modern  Philofophers  have  difcovered 
all  that  is  excellent  and  peculiar  in  natural 
Philofophy  ?  And  alfo  that  it  is  by  the  Help 
of  Mathematicks,  that  the  moft  celebrated 
Arcifts  in  every  Age  have  made  all  thofe  no¬ 
ble  Difcoveries,  the  Ufe  of  which  is  fo  ad- 
vantagious  to  us  at  this  very  Time,  and  which 
make  all  the  Variety  of  Arts  and  all  the 
Conveniencies  of  Life.  It  may  be  fome  may 
think  on  the  contrary,  that  thefe  very  Artifts, 
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the  greateft  Part  of  whom  it  is  very  probable 
have  not  much  applied  themfelves  to  this 
Science,  will  juftify  it,  that  it  is  not  To  ne- 
ceflary  as  I  would  perfuade  them.  But  here 
there  are  two  Things  to  be  confidered :  Firft, 
that  as  there  is  a  natural  Logick  in  all  Men, 
To  is  there  alfo  natural  Mathematicks,  which 
according  as  their  Genius’s  are  difpofed,  make 
them  more  or  lefs  capable  of  Invention.  Se¬ 
condly,  That  if  their  Genius  alone,  conduc¬ 
ted  only  by  natural  Light,  will  carry  them 
fo  far,  we  cannot  but  hope  greater  Things 
from  the  fame  Genius  if  the  Study  of  Ma¬ 
thematicks  be  added  to  its  natural  Light, 
than  if  that  Study  be  neglected.  And  in¬ 
deed  all  the  Proportions  in  Mathematicks  are 
only  fo  many  Truths,  which  thofe,  who  ap¬ 
ply  themfelves  to  them,  come  to  the  Know¬ 
ledge  of  by  good  Senfe.  And  they  who  find 
themfelves  naturally  difpofed  to  it,  do  very 
ill  to  neglect  what  others  have  before  difco- 
vered :  Font  it  is  the  moft  certain  Way  of 
finding  out  any  Thing  new,  to  know  all  that 
has  been  before  found  out  by  others,  and  the 
Manner  how  it  was  found  out. 

However,  I  don’t  put  them  upon  the 
Rank  of  Inventors  who  have  met  with  fome- 
thing  by  Chance  which  they  did  not  fearch 
after:  As  was  the  Cafe  of  that  Workman 
who  by  cooling  on  a  fudden  in  the  Water  a 
Piece  of  Steel  which  he  had  heated  red  hot, 
found  it  in  a  Moment  very  much  harder  than 
it  was  before:  It  was  without  doubt  a  very 
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lucky  Thing  to  find  out  this  Way  of  tempe¬ 
ring  Steel  but  the  Workman  who  had  the 
good  Fortune  to  hit  upon  it,  does  not  de-* 
ferve  the  Name  or  Title  of  an  Inventor  5  as 
a  great  many  others  do  who  are  not  be¬ 
holden  to  Chance  for  the  Glory  of  their  In¬ 
ventions  :  As  for  Inftance,  the  Perfon  who 
firft  invented  a  Fire-lock  to  a  Gun  $  for  it 
is  certain  that  this  latter  had  the  whole  En¬ 
gine  in  his  Head,  if  I  may  fo  fpeak,  before 
he  made  the  leaft  Part  of  it,  whereas  the  o- 
ther  found  out  the  Way  of  tempering  Steel, 
by  hitting  upon  a  Thing,  as  was  before  faid, 
by  Chance,  which  he  did  not  fearch  af¬ 
ter. 

Laftly ,  That  Mathematicks  are  of  very 
great  Ufe  in  the  other  Parts  of  Philofophy, 
we  need  no  other  Teftimony  than  that  of  the 
moft  celebrated  antient  Philofophers,  who 
not  only  fpeak  honourably  of  them  in  their 
Writings,  but  do  alfo  make  ufe  of  them 
themfelves.  It  is  fufficiently  known,  that 
Plato  caufed  it  to  be  written  over  his  School 
Door,  That  none  but  Geometricians  floould  en¬ 
ter  in  there .  And  they  who  have  taken  the 
Pains  to  read  over  the  Works  of  Arijlotle , 
have  taken  Notice  of  the  feveral  Applicati¬ 
ons  he  has  made  of  Mathematicks  in  many 
Places ;  fo  that  they  who  do  not  underftand 
the  Elements  at  leaft,  have  no  great  Reafon 
to  boaft  of  their  being  able  to  underftand  the 
Writings  of  this  Philofopher. 
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The  more  I  confider  thefe  four  Defedts 
in  the  Method  of  Philofophers,  the  more  I 
find  it  impoffible  to  come  to  the  Knowledge 
of  philofophical  Truths,  without  correcting 
them.  And  this  does  not  appear  to  me  to 
be  very  difficult ;  for  though  I  had  made 
fome  Proficiency  in  Mathematicks,  and  ac- 
cuitomed  my  felf  to  follow  Reafon  rather 
than  Authority,  yet  I  did  not  find  my  felf 
luch  a  Lover  of  my  own  Reafon ings,  as  to 
negleCt  Experiments,  nor  fo  bent  upon  Ex¬ 
periments,  as  not  to  fuffer  my  Reafon  to  go 
beyond  what  they  difcovered. 

But  though  this  was  fufficient  to  put  me 
upon  improving  natural  Philofophy,  and  to 
make  me  hope  that  I  might  be  able  in  fome 
Meafure  to  help  forward  the  Progrefs  of  this 
Science ;  yet  I  obferved  a  fifth  DefeCt,  not 
in  the  Method  of  thofe  who  ftudy  Philofo¬ 
phy,  but  in  that  of  a  great  many  who  read 
their  Works  ;  which  made  me  think,  that 
to  pubiiffi  any  Thing  upon  natural  Philofo¬ 
phy,  was  fo  far  from  being  any  Advantage, 
that  it  was  but  too  much  to  expofe  one’s 
felf.  for  that  Averfion  which  is  ufual  a- 
gainft  fuch  Perfons,  and  that  difagreeable 
Manner  in  which  thofe  who  are  uncapable 
of  finding  out  any  Thing  themfelves,  receive 
the  Writings  of  fuch  as  attempt  to  exceed 
what  is  common,  often  hazard  the  Reputa¬ 
tion  of  the  Author.  For  fcarce  can  a  Phi- 
loiopher  prefent  the  Publick  with  any  Fruits 
of  his  Studies,  but  fome  unknown  Perfon 
who  has  a  Mind  to  fignalize  himfelf,  attacks 
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them  before  he  underftands  them.  And 
hence  come  thofe  trifling  Difcourfes  or  Dif¬ 
fer  cations,  for  the  mod  Part  anonymous  ones, 
which  never  fail  immediately  to  appear, 
wherein  are  feldom  any  Things  elfe  but  Re¬ 
proaches  and  very  low  Jefts ;  and  not  being 
able  to  overthrow  Truths  that  are  fo  firmly 
eftablifhed  ;  they  try  to  turn  them  into  Ri¬ 
dicule,  by  fhowing  that  they  are  contrary 
to  fome  antient  Maxim  or  popular  Error, 
which  tickle  the  Ears  of  half-witted  Peo¬ 
ple,  who  are  accuftomed  to  take  Things 
without  any  Proof:  And  that  which  is  very 
remarkable  here,  is,  that  thefe  Writers  for 
the  mod  Part  attack  the  Works  of  others 
only  becaufe  they  think  them  contrary  to 
Arijiotle  ;  and  yet  becaufe  they  have  read  no¬ 
thing  of  this  Philofopher  but  only  thofe  Ci¬ 
tations  which  they  found  in  their  philofo- 
phical  Ledtures,  it  very  often  happens  that 
the  Thing  which  they  thus  attempt  to  con¬ 
fute,  is  what  Arijiotle  himfelf  has  faid  in 
exprefs  Terms.  We  may  fafely  affirm,  that 
the  Ancients  did  more  Juftice  to  Men’s  La¬ 
bours,  and  without  doubt  it  was  in  a  good 
Pvleafure  owing  to  this,  that  Philofophy 
made  fome  Progrefs  in  the  firft  Ages  of  it ; 
fo  far  were  they  from  fuffering  thofe  who 
had  made  any  new  Difcoveries,  to  be  cried 
down  at  a  Venture  and  without  any  Reafoji; 
every  Body  knows  that  there  wrere  publick 
Rewards  appointed  for  fuch  ;  even  to  have 
fometime  Statues  eredted  to  them  ;  fo  firmly 
were  they  perfuaded  in  thofe  Times  that  Ho- 
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nour  contributed  moil  to  the  Invention  of 
Arts. 

I  t  is  true  indeed,  that  this  Maxim  feems 
to  be  revived  and  re-eftablifhed  in  our  Age. 
Yet  though  Princes  have  by  their  Authori¬ 
ty  approved  and  favoured  Arts  and  Scien¬ 
ces  ,  the  long  Stiffhefs  which  they  who 
ftudied  natural  Philofopy  have  in  fo  ma¬ 
ny  Ages  contra&ed,  have  fo  accuftomed 
them  to  reft  fatisfied  with  what  they  recei¬ 
ved  from  their  Predeceflors,  that  the  very 
propofing  any  new  Thing,  is  enough  to  ren¬ 
der  both  the  Thing  and  him  that  propofes  it 
odious.  Now  to  take  away  the  Foundati¬ 
on  or  rather  the  Pretence  of  this  Averfion, 
fuch  Perfons  ought  to  know,  that  this  Re¬ 
proach  of  Novelty  is  generally  a  great  De¬ 
ceit  :  For  if  a  Thing  be  true,  it  cannot  be 
new,  becaufe  nothing  is  fo  antient  as  Truth, 
and  it  is  the  Difcovery  of  the  oppofite  Er- 
rour  only  that  can  be  faid  to  be  new.  For 
Want  of  rightly  diftinguifhing  thefe  two 
Things,  we  often  iee  fome  Perlons  crying 
out  that  we  overthrow  the  Order  of  Na¬ 
ture,  when  we  only  overthrow  a  falfe  O- 
pin  ion  which  they  were  prejudiced  in.  But 
though  fuch  Sort  of  Perfons  have  not  much 
Reaion  on  their  Side,  yet  the  Credit  and 
Authority  which  they  may  have  over  others, 
is  the  Caufe  of  their  Exclamations  always 
making  an  Imprefiion  upon  the  Minds  of 
a  great  many  ;  and  this  muft  ever  be  difa- 
greeahie  to  thofe  who  have  no  other  De- 
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fign ,  but  to  contribute  to  the  Publick 
Good. 

W  h  a  t  a  Vexation  muft  it  be  to  Dr.  Har¬ 
vey ,  for  Inftance,  to  fee  all  his  Life  long, 
how  ill  the  Difcovery  he  had  made  of  the 
Circulation  of  the  Blood,  was  received; 
the  Motion  of  which  was  quite  different 
from  what  the  Ancients  thought  ?  Surely 
we  cannot  {how  too  great  an  Acknowledg¬ 
ment  to  a  Man  who  had  undeceived  the 
World  of  an  ancient  Errour,  and  by  the 
Truth  which  he  eftablifhed,  made  us  fee  as 
clear  as  the  Day,  that  almoft  all  the  Theo¬ 
ry  of  the  Phyfick  of  the  Ancients  was  falfe. 
But  how  many  Enemies  has  this  Doftrine 
got  him  inftead  of  Thanks  ?  I  folemnly  de¬ 
clare  therefore,  that  upon  feeing  what  Li¬ 
berty  is  taken  to  oppofe  the  beft  Things, 
becaufe  the  Misfortune  of  Mens  having  al¬ 
ways  been  ignorant  of  them,  made  them  to 
be  thought  new  ;  I  laid  afide  the  Thoughts 
of  ever  entertaining  the  Publick  with  any 
Thing  of  my  own,  or  what  I  learned  from 
the  Works  of  fome  modern  Writers..  But 
thus  much  I  thought  at  leaft,  that  it  was 
not  impoiiible  to  advance  a  little  further 
than  is  generally  done  in  the  Knowledge  of 
Natural  Things,  if  I  carefully  avoided  fal¬ 
ling  into  any  of  thofe  Defeats  which  I  ob- 
ferved  in  the  Method  this  Study  was  in  at 
prefent.  And  indeed  having  fpent  fome 
Years  in  reading  the  Ancients  and  Moderns, 
but  with  a  firm  Refolution  not  to  follow 
them  any  further  than  I  could  fee  the  Rea- 
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fons  of  each  of  them  ;  it  appeared  to  me 
that  my  Defign  was  not  entirely  fruftrated. 
But  while  I  was  thus  inftruddng  my  felf  by 
reading  Books,  and  converting  with  learn¬ 
ed  Men,  and  thofe  that  were  excellent  in 
any  Art,  I  never  laid  afide  the  Ufe  of  my 
Reafon,  but  confidered  the  feveral  Subje&s, 
and  endeavoured  always  to  ground  my  Rea- 
fons  upon  mathematical  Truths,  and  fure 
Experiments.  And  fo  good  Succefs  had  I  in 
carrying  on  my  Defign,  that  a  great  many 
of  my  Friends,  whofe  Abilities  all  the  World, 
I  faw,  had  a  great  Value  for,  advifed  me 
to  communicate  it  to  others  by  publick  Con¬ 
ferences,  or  at  leaft  by  private  Converfation. 
I  mud:  fay,  that  it  was  very  difficult  to  per- 
fuade  my  felf  to  this,  becaufe  I  am  diftruft- 
ful  of  my  felf,  and  do  not  think  my  felf 
Orator  good  enough  to  undertake  to  plead 
the  Caufe  of  Truth  thus  publickly.  How¬ 
ever,  I  fuffered  my  felf  to  be  over-ruled  ; 
and  though  I  was  fenfible  I  wanted  a  great 
many  Talents,  yet  I  fubmitted  to  my  Friends, 
who  affured  me,  that  if  the  Things  were 
plainly  propofed,  and  in  a  mathematical 
Way,  they  would  be  acceptable  at  lead:  to  the 
befi;  Judges.  And  indeed  their  Advice  fuc- 
ceeded  :  For  thefe  Conferences  were  not  only 
agreeable,  but  it  was  wifhed  that  the  Sub¬ 
jects  had  been  put  down  in  Writing.  And 
by  confenting  to  this  Opinion  of  my  Friends, 
I  perceived  that  I  had  infenfibly  wrote  a 
Book  ;  and  becaufe  there'  were  fo  many  Co¬ 
pies  of  it  about,  that  it  was  become,  as  it 
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were,  publick,  and  a  great  many  Faults 
flipp’d  in,  I  refolved  to  review  it  more  ex¬ 
actly,  in  order  to  perfect  it  as  much  as  I 
could.  They  who  read  it  over,  will  eaflly 
fee,  that  I  have  overlooked  nothing  that  is 
good  in  the  Ancients. 

I  H  a  v  e  taken  all  the  general  Notions 
from  Arifotle ,  either  for  the  eftablifhing  the 
Principles  of  natural  Things,  or  the  chief 
Properties  of  them  :  And  I  have  rejected  a 
Vacuum  and  Atoms ,  or  Epicurus  s  indivijible 
Particles ,  which  I  think  are  Things  contrary 
to  what  is  firmly  eftablifhed  by  Arijlotle  ; 
and  I  have  learnt  of  him  to  confider  with 
the  greateft  poffible  Care  the  different  Big- 
nefles,  Figures,  and  Motions  of  the  infenfible 
Parts  of  which  fenfible  Things  are  compofed. 
And  this  I  was  the  readier  to  do,  becaufe  all 
thefe  Things  have  a  neceflary  Connexion 
with,  and  Relation  to  the  Divijibihty  of  Mat¬ 
ter,,  which  I  acknowledge  with  Arijlotle^ 
who  hardly  refolves  any  particular  Queftion, 
without  confidering  the  Bignefs,  Figure,  and 
Motion  of  the  Parts  of  Bodies,  and  the  Pores 
which  are  between  them.  But  that  which 
moft  of  all  determined  me  to  this  Confidera- 
tion,  was,  that  though  there  feems  to  me  to 
be  a  juft  Ground  to  doubt  of  the  Truth  of 
fome  Qualities  and  Powers  commonly  af- 
cribed  to  fome  Bodies,  yet  I  do  not  think 
that  there  is  the  fame  Reafon  to  doubt  of 
their  being  compofed  of  infenfible  Parts ,  or 
that  I  can  be  deceived  in  affirming  that  all 
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thefe  Parts  have  their  particular  Figure  and 
Bignefs. 

Besides  thofe  Afliftances  which  I  had 
from  the  Ancients,  I  have  alfo  collected  a 
great  many  other  Truths,  from  the  moft 
eminent  modern  Philofophers,  whofe  Names 
you  may  find  in  their  Places,  But  the  Per- 
fon  whom  I  have  moft  of  all  made  Ufe  of 
in  this  Work,  and  whofe  Name  I  have  not 
mentioned  at  all,  to  avoid  perpetual  Repeti¬ 
tion,  is  the  famous  Cartes ;  whofe  Merit,  by 
which  he  becomes  more  and  more  known  to 
all  the  Nations  in  Europe ,  as  he  has  long 
been  to  many  of  the  principal  States,  will 
draw  a  Confeffion  from  the  whole  World, 
that  France  is  at  leaft  as  happy  in  producing 
.and  educating  great  Men  in  all  Sorts  of  Pro- 
Teffions,  as  ancient  Greece  was. 

I  h  a  v  e  divided  this  Work  into  four  Parts.  . 
-The  firft  treats  of  natural  Bodies  in  general, 
and  their  principal  Properties,  fuch  as  Di - 
vifibility ,  Motion  and  Reft ,  of  Elements ,  and 
of  fenfble  Qualities,  and  I  have  particularly 
;  infilled  upon  explaining  thofe  which  relate 
to  Seeing .  And  I  flatter  my  felf  that  upon 
this  fingle  Subjedt  I  have  collected  more 
Truths  into  eight  or  nine  Chapters  than  are 
contained  in  feveral  large  Volumes  which 
treat  of  Opticks,  Dioptricks  and  Catropticks 
after  the  Manner  of  the  Ancients. 

T  h  e  fecond,  treats  of  the  Syjlem  of  the 
World ,  or  of  Cofmography ,  which  I  thought 
might  prove  more  ufeful  than  the  general 
Queftions  that  are  ufually  propofed  in  the 
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common  Books  of  natural  Philofophy,  which 
are  as  it  were  Commentaries  upon  Ariflotle1  s 
Books  concerning  the  World.  I  have  alfo 
treated  of  the  Nature  of  the  Stars  and  their 
Influences .  And  after  having  explained  where¬ 
in  Gravity  and  Levity  confift  (which  I  could 
not  fpeak  of  in  the  firft  Part,  not  having 
premifed  what  was  neceflary,)  I  conclude  this 
Part  with  explaining  the  Flux  and  Reflux  of 
the  Sea . 

The  third  Part  is  taken  up  in  explaining 
the  Nature  of  the  Earth  and  of  terreftrial 
Bodies ,  that  is,  of  the  Bodies  contained  in  it, 
or  which  furround  it,  as  Air ,  Water ,  Fire, 
Salts ,  Oyls ,  Metals ,  Minerals ,  and  Meteors . 

Laflly ,  I  h  av  e  endeavoured  in  the  fourth 
Part  to  comprife  all  that  is  hitherto,  with 
any  Certainty,  known  of  the  Animal  Body . 

One  Thing  perhaps  will  be  obferved  in 
the  Method  I  have  taken  viz.  that  I  have 
been  pretty  long  and  particular,  in  explain¬ 
ing,  in  the  firft  Part  of  this  Book,  all  the 
fenfible  Qualities,  which  Philofophers  ufually 
explain,  and  that  but  briefly,  at  the  End  of 
their  Treatifes  of  Philofophy,  in  which  they 
comment  upon  thefe  Books  of  Ariflotle's  con - 
cerning  the  Soul.  The  Reafon  of  which  is, 
becaufe  this  teaches  us  to  know  ourfelves, 
and  becaufe  hereby  we  are  feafonably  freed 
from  a  popular  Errour ,  and  a  Prejudice 
which  we  have  entertained  from  our  In¬ 
fancy,  which  I  have  known  by  Experience 
a  great  many  never  to  have  been  able  to  get 
rid  of,  not  even  after  they  have  gone  through 
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their  whole  Courfe  of  Lectures,  but  have 
brought  back  from  the  Schools  thofe  Habits 
they  carried  thither,  viz.  the  afcribing  their 
own  Senfations  to  the  Objects  which  caufe 
them,  and  the  confidering  thefe  Senfations  as 
Qualities  in  the  Objects. 

Further,  you  will  not  find  a  great 
many  Things  in  this  whole  Treatife  contrary 
to  Arijlotle ;  but  you  will  find  more  than  I 
could  wifh  that  are  contrary  to  moft  of  the 
Commentators  upon  him  :  And  befides  this, 
you  will  meet  with  a  great  many  Things, 
which  neither  Arijlotle  nor  his  Followers 
have  treated  of  at  all,  which  I  have  however 
judged  more  ufeful  than  many  others  which 
Philofophers  have  wholly  imployed  them- 
felves  in.  And  in  all  this  I  did  not  think  it 
very  ill  in  me  to  depart  from  fome  particu¬ 
lar  Notions,  when  I  found  that  thefe  Notions 
were  difagreeable  to  Truth. 

But  what  has  very  much  abated  thofe 
Scruples  which  I  had  about  this  Matter,  is, 
that  when  I  came  to  compare  thofe  Places  in 
this  Treatife  which  are  contrary  to  Arijlotle , 
with  the  Writings  of  the  publick  ProfefTors 
of  his  Philofophy,  I  could  not  find  near  fo 
many  in  my  own  Works  as  in  the  Works  of 
others.  And  without  enumerating  the  Par¬ 
ticulars,  it  is  eafy  to  be  iatisfied  herein,  if  we 
do  but  confider,  that  there  is  fcarce  any  Quef- 
tion  in  Controverfy,  but  one  half  of  them 
draw  Concluiions  diredly  contrary  to  the  o- 
ther  half.  Whence  it  follows,  that  we  muff 
neceffarily  find  in  the  Writings  of  thofe  who 
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profefs  to  teach  the  Dodtrines  of  Arijlotle ,  as 
many  Places  againft  him  as  for  him. 

But  though  all  the  Philofophers  did  a- 
gree  with  each  other  and  with  Arijlotle ,  I 
don’t  fee  that  this  Agreement  of  theirs  ought 
to  force  me  to  be  of  their  Opinions,  nor  that 
Philofophers  can  pretend  that  I  am  obliged 
to  follow  them,  in  what  I  am  fully  perfuaded 
and  convinced  they  are  in  the  wrong  of. 
For  fince  it  is  the  Cuftom  with  them  to  pro- 
pofe  the  Matters  which  they  treat  of,  in  the 
Form  of  Queftions,  this  very  doubting  Man¬ 
ner  of  theirs  fhows,  that  there  is  a  perfect 
Liberty  of  taking  that  Side  which  we  think 
to  be  moft  reafonable.  In  what  Manner  my 
good  Intentions  will  be  received  Time  will 
{how.  However,  I  am  preparing  a  Latin 
Verfion  for  the  Ufe  of  Foreigners,  with 
whom  I  hope  to  meet  with  a  favourable  Re¬ 
ception. 
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CHAP  I. 

Phe  Meaning  of  the  Word  Phyjicks ,  and  the  Man~ 
ner  of  treating  fuch  a  Subject. 

HIS  Word,  Phyficks ,  ftri&ly  fpeaking, 
and  according  to  the  Etymology  of  it,  fig- 
nifies  no  more  than  Natural ;  but  we  here 
ufe  it  to  fignify  the  Knowledge  of  natural 
Things,  that  is,  that  Knowledge  which 
leads  us  to  the  Reafons  and  Caufes  of  eve¬ 
ry  Effect  which  Nature  produces. 

2.  But  becaufe  we  muft  firft  ftudy  natural  Philofophy, 
before  we  can  be  certain  whether  there  be  any  fuch  thing 
as  Phyficks  or  no ;  I  fhould  not  proceed  in  a  proper  Me¬ 
thod,  if  I  fhould  here  undertake  to  refolve  this  Difficulty. 
Vo  l.  I.  B  I  (hall 
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I  fhall  not  therefore  at  all  infift  on  this,  nor  any  other 
Queftions  which  are  commonly  called  previous  ones.  We 
had  better  at  firft  remain  in  fome  kind  of  Doubt  about 
thefe  fort  of  Queftions  ;  but  fuch  a  Doubt  only,  as  ought 
not  in  the  leaft  to  hinder  us  from  ufing  our  utmoft  En¬ 
deavours  to  acquire  this  Knowledge,  and  to  obtain  the  End 
propofed,  without  neglecting  any  Thing,  that  may  ferve 
to  illuftrate  the  Truth,  and  explain  theEfFeCts  of  Nature. 

3.  That  the  3.  One  Thing  we  ought  particularly  to  take  notice  of, 

*tb*Ancunti  an<^  t^at  *s’  t^at  The7  w^°  appiy  themfelves  to  t^e 

may  be  inju-  Study  of  Natural  Philofopby ,  are  not  Perfons  utterly  igno- 
rious.  rant ;  for  by  their  Converfation  with  learned  Men,  by 
reading  of  Books,  by  Experiments,  and  particular  Obfer- 
vations,  their  Minds  are  filled  with  variety  of  Notions. 
But  becaufe,  perhaps,  they  have  given  too  much  Credit 
to  the  Reports  of  others,  or  perhaps  have  not  throughly 
examined  what  they  have  received  by  their  own  Senfes, 
or  have  impofed  upon  themfelves  by  falfe  Reafoning; 
therefore  we  are  not  to  think,  that  there  is  any  great  Ad¬ 
vantage  to  be  had  from  that  Knowledge  which  is  got  by 
thefe  Means :  On  the  contrary,  it  may  be  very  injurious, 
becaufe  the  Errors  imbibed  in  our  tender  Age,  before  we 
could  make  a  right  ufe  of  our  Reafon,  may  caufe  us  to 
fall  into  {fill  greater  ones. 

4.  7 bat  4.  Wlierefore  if  we  would  proceed  regularly,  we  muft 

'L'le™ fa- t0  lay  our  °ld  Prejudices,  and  rejeCt  them  as  falfe  ; 

mined.  not  that  we  are  immediately  to  embrace  the  contrary  O- 

pinions  as  true,  but  only  fo  to  difpofe  our  Minds^  as  to 
give  Credit  only  to  thofe  Things  which  we  have  through¬ 
ly  examined  ;  and  to  begin  natural  Philofophy  at  the  very 
Beginning.  But  feeing  this  is  a  very  difficult  Task,  and 
it  is  hard  to  bring  our  felves  to  it,  becaufe  we  eafily  per- 
fwade  our  felves,  that  amongft  the  Errors  that  have  pri¬ 
vately  crept  in,  there  have  been  alfo  a  great  many  T ruths, 
which  ought  by  no  means  to  be  reje&ed  ;  we  will  there¬ 
fore  go  in  the  common  Method,  and  retaining  as  many 
of  our  antient  Opinions  as  we  can,  we  will  endeavour 
to  lighten  that  Burden  which  cannot  but  be  very  heavy. 
And  we  mull  be  very  unreafonable  indeed,  if  we  will  not 
review  our  old  Notions,  and  fubmit  them  to  a  frefh  Exa- 
m  ination. 
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CHAP.  II. 


An  Examination  of  the  Notions  that  precede  the 
Study  of  Natural  Philofophy. 

r|  '  H  E  Notions  which  precede  the  Study  of  Natural 
Philofophy,  may  be  reduced  to  two  general  Pleads. 
For  firft,  we  know  that  there  are  Things  really  exijiing  in 
the  World  ;  and  from  hence  we  think  we  know,  at  leaft 
in  part,  what  they  are.  Thefe  two  Ccnfiderations  are 
principally  to  be  attended  to,  that  our  propofed  Exami¬ 
nation  may  be  as  univerfal  as  poftible.  Let  us  brft  fee 
what  .Motives  there  are  to  induce  us  to  believe,  that  thetd 
are  certain  Things  really  exijiing  in  the  World  ;  and  then 
let  us  fee  what  Reafon  we  have  to  believe  them  to  be  fuch 
as  we  judge  them  to  be. 

2.  And  to  begin  with  our  own  felves ;  we  know  by  ex¬ 
perience,  that  we  are  capable  of  diverfe  Thoughts ,  which 
cannot  be  in  us,  but  they  muft  be  perceived.  The  Idea 
of  Exiftence  is  one  of  thefe  Thoughts  ;  and  our  natural  Rea¬ 
fon  teaches,  that  Nothing  can  have  no  Properties ,  and  that 
what  thinks ,  muft  exiji.  Hence  it  is  plain  how  we  come 
by  the  Knowledge  of  our  own  Exiftence.  For  every  Man 
muft  neceffarily  reafon  in  this  manner  :  1  think  ;  that 
which  thinks  muft  of  neceflity  exift ;  therefore  I  exiji . 

3.  A  Man  who  comes  to  the  Knowledge  of  his  Exift¬ 
ence  in  this  manner,  knows  himfelf  only  to  be  fomething 
that  exifts,  the  Idea  of  which  does  not  exclude  Extenfion 
in  it.  It  is  true,  he  may  have  an  Idea  of  a  T hing  extended 
into  Length ,  Breadth ,  and  Height ;  but  becaufe  this  Idea 
does  not  at  all  include  Thought  in  it,  the  Thing  that  thinks , 
and  the  Thing  that  is  extended ,  are  to  be  looked  upon  as 
two  Things  really  different  from  each  other  ;  and  there  is 
no  Reafon  hitherto  for  fuch  a  Perfon  to  think  himfelf  an 
extended  Thing.  And  becaufe  That  which  //EVz/L,Avhich 
is  in  us,  which  we  know  before  all  other  Things,  which 
we  imagine  not  to  be  extended,  is  what  we  call  our  Soul 
or  Spirit ,  and  That  which  we  conceive  to  be  extended  in 
Length,  Breadth,  and  Pleight,  and  to  which  we  imagine 
Thought  does  not  belong,  is  what  we  call  our  Body ;  it  is 
evident,  that  our  Soul  or  Spirit  is  known  to  us  fooner  than 
our  Body. 
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4.  That  we  4.  As  to  thofe  Bodies  of  which  the  World  is  compofed, 

^knowlediel}  (amongft  which  our  own  is  to  be  reckoned)  it  is  certain 
the  Exigence  we  cannot  know  that  they  exift,  but  by  the  ^different  TV  ays 
oftbojeBo-  qJ"  Knowledge  which  are  in  us  ;  and  in  order  to  know  if  we 

tbl World  it  have  made  a  right  Ufe  of  them,  we  will  here  confidereach 
compojed,  of  them  diffindtly. 

Afferent36  5*  The  different  Ways  of  Knowledge  that  are  in  us, 
•ways”*/  may  be  reduced  to  thefe  Four  :  viz.  Perception ,  ‘Judge - 
knowing  ment ,  Reafon ,  and  Senfation. 

that  are  m  By  Perception  is  meant  fimple  Apprehenfion,  or  the 

what  fimple  Idea  which  we  have  of  Things,  without  affirming 
thefe  w ays  or  denying  any  thing  concerning  them  ;  whether  this  Idea 
°feJgc°Tre.  ra*^es  anY  Image  in  our  Minds,  and  fo  is  called  Imagina- 
6.  What  is  tion ,  or  raifes  no  Image,'  and  fo  has  only  the  general  Name 
meant  by  of  Perception  given  to  it.  Thus  when  we  here  the  Word 
iT?,.  Tree,  the  Idea  which  we  then  form  in  our  Minds,  is  an 
tion.  bnagination  ;  but  when  we  fpeak  of  a  Thing  which  can¬ 

not  be  represented  by  any  Image,  as  of  Doubtfulnefs  ;  the 
Idea  which  we  then  have,  is  only  fimple  Perception. 
^777  ”  '7*  Judgement  is  the  joining  or  disjoining  of  two  Things 

judgement,  by  the  Mind,  when,  according  to  the  different  manner  of 
its  conceiving  them,  it  affirms  or  denies  the  one  or  the  o- 
ther.  Thus  when  we  fay,  that  the  Earth  is  round,  we  join 
together  the  two  Things  which  we  underftand  by  the 
Words  Earth  and  Roundnefs,  and  this  is  called  Judgement : 
So  alfo  when  we  fay  that  the  Earth  is  not  round ,  that  is, 
disjoin  thofe  W ords ;  this  is  alfo  called  Judgement. 

What  is  S.  Reafon  is  a  Judgement  that  depends  upon  a  former 
rZ}™*  JudSement*  For  Example:  After  I  have  judged,  that  no 
even  Number  can  be  compounded  of  five  odd  Numbers,  and 
alio,  that  the  Number  7 wenty  is  an  even  Number ;  and 
thence  conclude,  that  the  Number  Pwenty  cannot  be  divided 
into  five  odd  Numbers  ;  this  is  called,,  Reafoning. 

9  What  it  9'  Senfation ,  is  Pouching,  Smelling,  Pajling,  Hearing, 
meant  by  and  Seeing.  y 

^io “ibat  .  l0‘  Firff,  it  is  evident,  that  the  bare  Perception  of  aThing 
Perception  is  not  fufficient  to  convince  us  that  the  T  hing  itfelfexifts  ; 
aJ°fufficient  ^*°r  ^n^an£^9  becaufe  I  can  conceive  a  Priangle,  it  does  by 
Ajfurance  of  no  means  from  thence  follow,  that  a  Priangle  exifls . 
the  Exigence  1 1.  It  is  certain  alfo,  that  our  Judgement  alone  is  not  fuf-* 

efiuNa”her  ficient  t0  convince  us  of  the  Exiftence  of  any  Thing.  For 
does  Judge,  though  we  cannot  help  palling  our  Judgement  upon  many 
aLnt  Things;  for  Inftance,7/W  if  two  Phings  be  equal  to  aPhird, 

Vince  7s  Of  thel are  e?ual  each  Gther  i  thflt  if  Equals  be  added  to  Equals , 
the  Exifler.ee  ^i)£ir  Sums  will  be  equal,  &c.  notwithftanding  which,  we 
7  do  not  certainly  know?  that  any  Things  that  are  equal  or 

*  -  •  -  unequal 
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unequal  exift,  and  the  T ruth  of  our  'Judgement  agrees  only 
to  the  Things  that  may  poflibly  exift. 

12.  We  may  alfo  reafon  infinitely  various  ways  ;  and  by 
this  means  all  the  Mathematical  Truths  are  difcovered, 
which  are  fo  different  from  one  another,  and  from  the 
Principles  from  which  they  are  deduced  :  But  becaufe  the 
Confequences  have  a  ftriCI  Relation  to  the  Antecedents, 
and  can  contain  no  more  in  them  than  they  ;  and  we  have 
already  feen  that  our  Judgement  does  not  prove  that  any 
Thing  exifts  •  it  follows,  that  our  Reafoning  proves  no  more 
than  this,  that  Things  without  us  may  poflibly  exift. 

1 3.  However,  ( 1 )  there  is  one  Exception  to  this  Rule, 
and  that  is,  God:  For  whoever  hasth  z  Idea  of  Him ,  may 
by  Reafon  be  allured  of  his  Exiftence,  if  he  be  confidered 
as  a  Being  every  way  perfeCI,  and  if  Exiftence  be  owned 
to  be  a  Perfection.  But  I  fhall  not  here  enter  into  the 
Particulars  of  this  Demonftration ;  the  Dignity  of  this 
SubjeCt  merits  to  be  treated  of  particularly  by  it  felf. 

14.  But  fince  we  are  here  fpeaking  only  of  natural 
Things,  and  our  Perception,  Judgement ,  and  Reafon  alone 
do  not  prove  their  Exiftence,  we  muft  certainly  have  re- 
courfe  to  our  Senfes  before  we  can  judge  that  they  exift. 
And  we  cannot  know  whether  our  Senfes  do  fufficiently 
prove  this,  nor  in  what  manner  they  prove  it,  unlefs  we 
firft  define  what  we  mean  by  Senfation. 

15.  Long  Cuftom  makes  us  many  times  reafon  with  fo 
much  eafe  and  readinefs,  that  very  often,  Reafon  and  Sen - 
fation  go  together,  when  we  think  that  Senfation  only  is 
concerned  :  Wherefore  that  we  may  not  confound  the  one 
with  the  other,  and  fo  be  led  into  Error,  let  us  examine 
this  Matter  in  other  Perfons.  Let  us  fuppofe  a  Man  juft 
born,  and  that  he  was  in  an  extraordinary  manner  endued 
with  the  Judgement  and  Prudence  of  a  grown  Perfon ;  and, 
that  we  may  examine  only  one  Senfe  at  a  time,  let  us  fup¬ 
pofe  that  his  Eyes  are  not  yet  open,  and,  that  he  is  put 
into  a  Place,  where  there  is  no  kind  of  Smell  or  Noife. 

16.  Now  in  order  to  find  out  what  the  Senfe  of  Feeling 
is  ;  let  this  Man’s  Arm  be  prick’d  with  a  Needle.  It  is 
manifeft,  that  he  will  feel  the  fame  fort  of  Pain  that  we 
feel,  when  at  any  time  we  are  pricked  with  a  Needle, 
becaufe  we  fuppofe  him  to  be  fuch  a  fort  of  a  Man  as  we 
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( i)  There  is  one  Exception ,)  How  is  too  nice  and  fubtle  an  Argument ; 
the  Idea  of  God  proves  his  Exift-  that  drawn  from  the  Variety,  Beau¬ 
ty,  Order,  and  Difpoficion  of  the 
Creation,  does  much  more  fully  and 
ftrongly  infer  a  God, 


ence.  See  Cartef.  Princip.  Part  F. 
Artie.  14.  and  Regis  Metapbyf. 
Lib,  (.  Parti,  Chap.  5.  But  this 
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are  :  Now  abftra<ffedly  from  any  Judgement  or  Reafoning, 
it  is  evident,  that  Senfation  in  this  Man  is  nothing  elfe, 
but  the  being  affedled  with  a  certain  Pain,  which  belongs 
to  himfelf  only.  So  that  if  any  Perfon  were  fo  weak  as 
to  believe,  that  alike  Pain  was  in  the  Needle,  we  fhould 
certainly  know  for  all  that,  that  it  was  not  the  very  Pain 
which  the  Man  by  Senfation  felt.  ^ 

17.  Let  us  make  fome  Refledlion  here  :  In  the  Senfation 
now  mentioned,  there  are  four  Things  obfervable  :  Firft, 

KnTmbing  A  Man  capable  of  Senfation:  Secondly,  A  Needle^  or  the 
efn  Object  that  raifes  the  Senfation  :  Thirdly,  The  Aftion  of  a 

Needle  upon  the  Body,  in  which  it  produces  fome  Change : 
Laftly,  The  Effett  of  the  Atlion  of  the  Needle ,  and  of  the 
Paffion  of  the  Body ,  namely,  the  Pricking ,  or  the  Pain. 
Now  fince  ’tis  this  Laft  only  that  is  known,  we  muft  con¬ 
clude,  that  this  Senfation  not  being  attended  with  any 
Judgement  or  Reafon,  is  nothing  elfe  but  a  confufed  Per¬ 
ception  arifing  from  the  new  State  of  the  Mind,  which  does 
not  any  way  make  known  to  us  this  new  State,  nor  the 
external  Object  which  caufes  it,  and  is  the  Occafion  of  the 
Senfation. 

18.  From  what  has  been  faid  of  that  Pain  which  is  cau- 
fed  by  a  Needle,  it  is  eafy  to  apprehend  the  fame  thing  of 

_  the  other  Sort  of  Senfations,  fuch  as  Feeling,  Tafling ,  and 
Snfathns  of  Smelling.  For  fuppofe  the  naked  Arm  of  the  foremen- 
Fee  ting,  tioncd  Perfon  to  be  lightly  touched  with  a  Feather ,  or 

Smdlfng  any  other  foft  Thing  ;  fuppofe  a  red-hot  Coal ,  or  a  Piece  of 

Ice  to  be  laid  on  any  Part  of  his  Body  ;  fuppofe  a  Drop  of 
Wine  poured  on  his  Tongue,  or  a  Rofe ,  or  any  other  fweet- 
fnelltng  Thing  put  to  him  ;  we  can  eafilyt  underhand,  that 
the  Tickling ,  the  Heat ,  the  Cold ,  the  Taftc ,  and  the  Smelly 
which  this  Man  perceives,  are  all  within  himfelf,  and  be¬ 
long  to  him  in  the  fame  manner  as  the.  Pain  did. 

19.  And  fince  there  is  no  Reafon  why  we  fhould  think 
differently  of  the  Senfations  of  Hearing  and  Seeing  than  of 
the  others,  we  may  look  upon  it  as  certain,  that  Sound ,  and 
Light ,  and  Colours ,  are  as  much  in  us  as  Pain  or  Tickling. 

and  Paffion  Wherefore  we  may  fay  with  Ariflotle,  ( 1 )  that  all  Senfation 
Tame  u  a  kin^  of  Paffum and  when  we  have  any  Senfation,  what¬ 
ever  fort  it  be,  v/e  know  very  wrell  what  theObjedls  raife 
in  us,  but  we  don’t  know  what  they  are  in  themfelves. 

(1)  Ariftot.  de  Anirr.a.  L'b.  II.  feemi  to  be  fome  Charge  or  Altera¬ 
te  p-  5‘  Senfaticn  con/ifis  tn  being  put  tion  made  mm,  and  a^ain,  chap.  II. 
into  Motion,  and  11  a  fort  of  Paffion,  Senjatioi.  it  a  fort  of  Paffion. 
at  <was  faid  before  $  for  e here 
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20.  But  this  is  not  the  general  Opinion  of  Mankind,  “•  '‘l’""1' 
who,  on  the  contrary,  are  apt  to  think,  that  the  Sound  * 
which  they  hear,  is  in  the  Air,  or  in  the  founding  Body  as 

they  call  it ;  fo  alfo  that  the  Light  and  Colours  which  they 
fee,  are  in  the  Flame  or  the  Tapejiry  which  they  look  up¬ 
on  ;  and  the  Reafon  of  it  is  this,  becaufe  we  do  not  feel 
(l)  Sound ,  and  Light ,  and  Colours  within  our  felves,  as 
we  do  Pain  and  'Tickling ,  but  afcribe  them  to  external 
Things  ;  and  befides,  the  Colours  which  we  fee,  oftentimes 
feem  to  be  much  bigger  than  our  felves. 

21.  But  to  fhow  that  thefe  Reafons  are  not  of  any  21  .Tbecom- 
Weight,  we  need  only  confider,  that  very  often  we  have  mof  Nftl,on' 
a  Perception  of  a  Multitude  of  Things,  which  we  think  many  Exfe. 
are  without  us,  and  are  a  great  deal  bigger  than  our  felves,  rimentu 
when  at  the  fame  time  there  really  is  nothing  without  us, 

that  is  the  Caufe  of  that  Perception. 

22.  Firjl ,  In  Dreams  we  very  often  hear  Sounds,  and  I»  -Ex- 
fee  Colours,  in  the  fame  manner  as  if  we  were  awake,  and  tsrimertt 
we  afcribe  thofe  Sounds  and  Colours  to  external  Obje<fts ; 

and  we  imagine  thofe  Colours  to  be  much  larger  than  our 
felves  5  though  there  is  indeed  nothing  without  us,  to 
which  they  can  truly  be  afcribed. 

23.  Secondly ,  Perfons  in  a  Phrenfie,  or  in  a  violent  23. 11. 
Fever,  fee  alfo  Things  without  them,  which  really  are  ponent. 
not  fo. 

24.  Thirdly ,  We  often  hear  a  Ringing  in  our  Ears,  *>r  a  fII>  E*" 
certain  Sound  which  we  judge  to  be  at  a  great  diftance, 

when  the  Caufe  of  it  is  very  near  us. 

25.  Fourthly,  A  Candle ,  or  any  other  fmall  Objeft,  at  a5.IV.  £*. 
a  little  diftance,  appears  double  to  a  Perfon  in  Drink ;  or  ftrtmtnU 

if  we  prefs  the  Corner  of  our  Eye  with  our  Finger;  fo 
that  there  will  then  appear  to  be  two  Objects,  when  we 
certainly  know,  that  there  really  is  but  one. 


(1)  Sound ,  and  Light ,  and  Co- 
tours,  See.)  In  order  to  account  for 
thefe  Prejudices,  we  may  obferve, 
I.  That  Pain  and  Tickling  do  much 
more  ftrongly  affe£l  us,  and  make  a 
gi  eater  Change  in  the  State  of  the 
Mind,  than  Sound,  and  Light,  and 
Colours  ;  fo  that  they  are  fooner 
and  more  eafily  taken  notice  of,  and 
imagined  to  belong  to  us,  and  to 
be  in  us.  2.  When  Sound  ,  and 
Light,  and  Colours,  are  at  firft  per¬ 
ceived,  there  is  always  fomething 
bef  >re  us,  and  that  a<fts  upon  us, 
and  to  which  we  afcribe  them  :  But 


Pain  and  Tickling  often  aiife  from 
an  invifible  Alteration  of  the  fmall 
Particles  of  the  Body,  that  is,  from 
a  Caufe  at  firft  unknown  to  us  t 
Therefore  we  are  a  long  while  ufed 
to  look  upon  thefe  as  fomething  in 
us  ;  till  thete  appears  to  be  fomething 
without  us,  to  which  they  m3y  be 
afcribed  ;  and  afterwards,  when  we 
do  fometlmes  experience,  that  they 
proceed  from  various  externalThings, 
we  are  ftill  apt  to  think,  that  they 
are  not  in  thofe  external  Things,  but 
in  our  felves,  bccaufe  we  have  been 
ufed  to  think  fo. 
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26.  Fifthly ,  If  in  the  Dark  we  wink  with  our  Eyes  up¬ 
on  the  Flame  of  a  Candle  at  a  little  diftance,  we  fhall  ima¬ 
gine,  that  we  fee  Rays  of  Light,  which  feem  to  ftream 
from  the  Flame  upwards  and  downwards  in  the  Air;  and 
yet  there  is  no  doubt,  but  that  thofe  Rays  arife  from  the 
Senfation  of  him  that  perceives  them,  and  that  out  of 
him  they  are-nothing;  if  we  confider,  that  other  Perfons 
who  look  upon  the  Candle  at  the  fame  time,  do  not  fee 
them  ;  and  the  Perfon  himfelf  who  fees  them  when  he 
winks,  ceafes  to  fee  them  the  Moment  that  he  opens  his 
Eyes,  and  looks  more  intently. 

47.  There  27.  We  {hall  be  more  fully  fatisfied,  that  thefe  Rays  are 
it  fometbwg  not  jn  the  piace  that  we  imagine  them  to  be,  by  this 
rinthiiEx -  Confideration  ;  If  they  were  there,  it  would  follow,  that 
ferment,  upon  putting  a  dark  Body  between  the  Eye  and  the  Place 
where  they  appear  to  be,  they  muft  immediately  vanifh  ; 
but  they  do  not  vanifh,  but  on  the  contrary  are  feen  ftill, 
only  a  little  nearer,  viz.  between  the  Eye  and  the  dark  Bo¬ 
dy  that  interpofes.  But  that  which  is  moft  obfervable  in 
this  Experiment,  is,  that  if  the  dark  Body  be  raifed  by  little 
and  little,  as  if  the  lower  Rays  were  intended  wholly  to  be 
hidden  by  its  Interpofition,  they  will  be  {till  feen,  when 
the  upper  ones  wholly  difappear ;  which  could  not  be,  if  the 
Rays  were  really  in  the  Place  which  they  feem  to  be  in. 
*8.VI*£x-  28.  Sixthly ,  We  fee  the  Colours  through  a  triangular 

periment.  Prifm,  very  bright,  and  exactly  like  the  Colours  in 

the  Rainbow ;  thefe  we  certainly  know  are  not  where 
they  appear  to  be. 

29.Vir.jEx-  29*  Of  this  kind  are  the  Experiments  of  Looking-Glaf- 
per iment.  fes  and  Multiplying- Glajfes,  which  reprefent  Objects  to  us, 
where  we  are  fure  they  are  not. 

30.  VIII.  30.  We  muft  not  here  omit  an  Experiment  of  thofe 
Experiment.  perfons  who  have  loft  any  of  their  Limbs,  an  Arm,  or 
a  Leg,  who,  many  Months,  and  fometimes  many  Years 
after  they  are  cured,  feel  frequent  Prickings,  and  other 
Senfations,  which  they  cannot  help  judging  to  be  with¬ 
out  them,  viz.  in  thofe  Places  where  their  Fingers  or 
Toes  would  have  been,  if  they  had  not  been  cut  off. 
This  Judgement  is  evidently  a  Miftake,  it  being  certain, 
that  this  Senfation  is  within  themfelves,  and  not  where 
they  take  it  to  be. 

31  .Abif-  31.  This  Experiment,  together  with  all  the  foregoing 
jtcukyjvbtcb  ones,  plainly  {how,  that  we  have  within  our  felves  the 
ibenmimn  Senfations  of  many  Things,  which  we  cannot  help  think¬ 
er rm  of  ing  are  without  us,  though  they  really  are  not ;  and  were 
Shaking,  ft  for  the  common  W ay  of  Speaking,  which  is  the 

ufual 
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ufual  Reafon  given,  we  ought  wholly  to  lay  afide  that  vul¬ 
gar  Notion,  which  we  have  entertained  in  our  Minds 
from  our  Infancy,  viz.  that  they  are  without  us.  For 
(may  any  one  fay)  as  he  who  touches  a  Stick,  has  reafon 
to  believe,  that  the  Stick  is  fomething  without  him  that 
touches  it ;  fo  when  any  one  fays,  that  he  fees  a  Colour, 
he  has  Reafon  to  fay,  that  the  Colour  which  he  fees,  is 
fomething  different  from  him  that  fees  it,  and  belongs  to 
the  Objeft. 

32.  But  it  is  eafy  to  get  clear  of  this  Difficulty,  if  we  3 z.  The  com. 
obferve,  that  all  Languages  do  not  afford  equal  Plenty  of 
Words  upon  every  Subject.  Thus  for  Example,  in  th e  flawed. 
Latin  Tongue,  the  Word  Animal  is  ufed  to  exprefs  the 
Kind,  under  which  the  whole  Species  of  Animals  is  con¬ 
tained  ;  the  Words  Man  and  Horfe ,  are  ufed  to  fignify 
thofe  Species ;  and  the  Words  Peter  and  Paul ,  Bucephalus 
and  Bayard ,  to  fignify  the  Individuals  of  thofe  Species  : 

But  the  Cafe  is  different  in  the  prefent  Subject ;  we  ufe 
indeed  in  our  Language  the  Word  Senfation ,  by  which  we 
underftand,  in  general,  every  Perception  which  we  have 
by  the  means  of  Bodies  ;  we  have  alfo  the  Words  Feelings 
Tajling ,  Smelling ,  and  Hearings  to  fignify  the  particular 
Species  of  thofe  Senfations  ;  but  if  we  would  defcend  to 
any  thing  ftill  more  particular  ;  we  then  want  Words,  and 
are  forced  to  make  ufe  of  a  general  Name,  with  which 
we  only  join  fome  other  Word,  to  determine  its  Signifi¬ 
cation  :  Whence  it  follows,  that  when  we  fay,  for  Ex¬ 
ample,  that  we  feel  the  Heat ,  or  that  we  fee  the  Colour ,  if 
we  forbear  Reasoning  about  them,  and  attend  only  to  the 
bare  Senfation  ;  the  Feeling  ought  no  otherwife  to  be  di- 
ftinguifhed  from  the  Heat^  nor  the  Seeing  from  the  Co¬ 
lour,  than  in  any  Species,  (1)  the  Genus  is  diflinguifhed 
from  the  Difference:  For  the  Colour  and  the  Heat  are 
Senfations  which  belong  to  our  own  felves  only,  and  are 
nothing  more  than  our  own  Perceptions. 


(1 )  The  Genus  is  d if  ing  uifbed, &c. ) 
The  Author’s  Meaning  is  this,  that 
many  People  are  led  into  Error,  by 
the  Forms  of  fpeaking  j  as  when  by 
reafon  of  the  Fewnefs  of  Words,  our 
Meaning  cannot  be  expreffed  but  by 
more  Words  than  one  $  thus  when 
we  fay,  that  we  fee  Rednefs,  or  feel 
Heat ;  they  fo  underftand  it,  as  if  by 
one  of  thefe  Words  we  intended  to 
fignify  the  Senfation  it  felf,  and  by 
the  other  to  fignify  fomething  with¬ 
out  us,  which  is  the  Caufe  of  that 
Senfation.  Now  if  vvhat  we  call  fee 


ing  Rednefs,  and  feeling  Heat  could 
be  expreffed  by  one  word,  as  Pain , 
which  is  the  fame  Thing  as  feeling 
Pain ,  or  Tickling ,  w’hich  is  the 
fame  as  feeling  Tickling ,  are  expref¬ 
fed  by  one  Word  :  we  fhould  eaftly 
apprehend,  that  the  Rednefs  which 
we  perceive  by  our  Sight,  and  the 
Heat  which  we  perceive  by  our  Feel- 
ing ,  are  no  more  without  us,  than 
the  Pain  which  we  feel  when  our 
Arm  is  pricked  with  a  Needle ;  or 
the  Tickling ,  when  it  is  touched 
lightly  with  a  Feather. 

33,  Though 


IO 


RO  H  AU  L  T*s  System 


Part  I. 


33 .TheCon-  33.  Though  I  have  been  already  too  long  in  ftiowing 
iifatwlxt™  *bat  w^ai  we  perceive  fimply  by  Sights  is  wholly  within  our 
Sight  and  f elves  ;  I  would  yet  make  appear  the  entire  Conformity 
Feeling.  there  is  betwixt  Seeing  and  Feeling.  Let  us  confider  then, 
that  when  an  Object  of  Feeling  affedfs  the  Body  but  light¬ 
ly,  it  raifes  in  us  indeed  a  real  Senfation,  but  it  is  fo  w‘eak 
an  one,  that  it  is  gone  as  foon  as  the  Objedf  ceafes  to 
touch  the  Organ  of  Senfation ;  fo  likewife,  if  the  Objetft 
of  Sight  be  weak,  it  is  no  fooner  removed  from  our  Eyes, 
hut  we  ceafe  to  fee  it.  And  as  an  Objedf  of  Feeling , 
which  ftrikes  us  with  a  greater  Force,  excites  a  Senfa¬ 
tion,  which  remains  after  it  is  feparated  from  the  Organ  : 
in  the  fame  manner  alfo,  a  very  ftrong  Objedf  of  Sight , 
raifes  a  bright  Senfation,  which  continues  for  fome  time, 
though  we  do  not  look  upon  it,  but  turn  our  Head  ano¬ 
ther  way.  Thus  if  any  one  looks  full  upon  the  Sun,  and 
immediately  goes  into  a  dark  Place,  he  will  fee  the  Sun 
there,  and  fome  Sparklings  of  it. 

34 ..That we  34.  From  what  has  been  faid  concerning  our  Senfes , 

have  mad:  and  the  Manner  of  Senfation ,  it  is  evident,  that  they  make 
tfJT  known  to  us  only  what  is  in  us,  and  belongs  to  us ;  it  is 
Knowledge,  alfo  as  certain,  that  they  are  not  alone  fufticient  to  prove 
in  order  to  be  to  us,  that  any  Thing  at  all  exifts  without  us  which  does 
r ZT Things  not  belong  to  us  ;  and  this  having  been  already  fhown  of 
exifi  without  every  particular  Means  of  Knowledge ,  we  mu  ft  neceflarily 
conclude,  that  we  have  made  ufe  of feveral  of  thofe  Means 
in  order  to  be  convinced  that  Things  do  exift  without 
us. 

35.  The  Method  we  feem  to  have  proceeded  in,  is  this. 
Firft,  Senfation  :  Next,  we  obferve,  That  this  Senfa¬ 
tion  is  fometimes  in  our  own  Power,  and  fometimes  not : 
Whence  we  infer,  that  we  our  felves  are  not  the  foie 
Caufe  of  our  own  Senfations ;  that  we  contribute  fomething 
towards  them,  but  not  fo  much,  but  that  we  depend  alfo 
upon  fome  other  Caufe  ;  and  fo  we  begin  to  fee,  that  we 
do  not  exift  alone,  but  that  (i)  there  are  many  other  Be¬ 
ings  exifting  together  with  us  in  the  World. 

36.  Whoever  acknowledges  this  Truth,  muft  confefs, 
that  he  has  been  in  an  Error  fo  long  as  he  thought  that  the 
Exigence  of  Things  without  him  was  proved  by  his  Sen- 


us 


3  5.  The  Me - 
tbod  which 
we  proceed 
tn . 


30.  The  Ex- 
tjltnce  of 
ihtngs  cog¬ 
nizable  by 
•ur  Serfs, 
ts  made 
inown  to  us 


(1.)  There  are  many  other  Beings,  ter  Truth.  We  muft  acquiefce  in 

But  even  this  does  not  feem  this*  That  God  has  not  cieated  U6 

principally  fuftkvently  to  demonftrate.  that  cor-  in  fuch  a  manner,  that  eveiy  Judge- 
by  Reajon -  pueal  Things  exift:  and  indeed  it  ment  which  we  make  of  Things 

sr.gy  does  not  feem  capable  of  a  ftridl  De-  eftiftkg  without  us,  fnould  be  in- 

monfiration.  See  Mdlb'ranch.  Armot .  evltahly  falfe.  See  Cartef.  Princip . 
Chap  10  Beak  I.  of  bit  Search  aj-  Part  II,  Artie,  1, 

fes  ; 
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fes  ;  for  all  that  thefe  can  do,  is  only  to  be  the  Occafion  of 
knowing  them  ;  and  it  is  chiefly  from  Reafoning  that  we 
are  allured  of  their  Exiftence. 

37.  In  the  fame  manner  as  we  conclude  from  one  fin-  37.  How  we 
gle  Senfation,  that  one  Thing  exiftsj  we  conclude  alfo  th^ 
from  different  Sorts  of  Senfations,  that  there  are  different 
Things  exifting ;  all  which,  becaufe  we  imagine  them  to  of  Bodies 
be  extended  in  Length,  Breadth,  and  Thicknefs,  we  **$**1' 
call  Bodies. 

38.  Amongft  thefe  Bodies,  there  is  one  which  we  con-  3s  How  we 
fider  differently  from  the  reft,  and  are  obliged,  in  a  fpe- 

cial  manner,  to  look  upon  as  our  own  ;  not  only  becaufe  it  JZIUn 
is  always  prefent  with  us,  but  alfo,  becaufe,  when  any  Body  in 
Alteration  is  made  in  it  by  other  Things,  it  caufes  certain  particular. 
Senfations  in  us  ;  and  on  the  other  hand,  certain  Thoughts 
in  us,  produce  certain  Alterations  in  that.  Thus  if  I  will 
to  move  my  Arm,  it  is  prefently  moved ;  but  if  I  will 
to  move  another  Body,  that  will  not  be  put  into  motion 
by  my  Will  alone. 

'39.  We  may  further  obferve,  that  after  the  foregoing  39 .JVeare 
Reflections  have  convinced  us  that  our  Body  is  compo- 
fed  of  many  different  Parts,  fome  of  which  are  the  Or-  are  as  many 
gans  of  Senfation  ;  the  different  Senfations  we  have,  are  Things  ex- 
no  longer  a  certain  Proof  of  the  Exiftence  of  a  Number 
of  Things  without  us  :  For  there  is  juft  Reafon  to  fufpeCI,  ive  have 
that  the  fame  ObjeCl  may  raife  different  Senfations  in  us,  ditfer_ent 
by  acting  upon  different  Organs ;  and  therefore  though  the  f  ^  tw' 1 
Fire  by  affeCting  our  Eyes  when  it  is  at  a  great  diftance, 

'raifes  the  Senfation  of  Light ;  and  when  it  is  near,  raifes 
the  Senfation  of  Heat  by  affecting  our  Hands ;  yet  we 
cannot  from  hence  colleCt— the  Exiftence  of  more  than 
one  ObjeCt. 

40.  There  is  another  Miftake  contrary  to  this,  which  4 o.APrt. 
it  is  eafy  to  fall  into,  and  therefore  ought  to  be  avoided,  caution,  m 
For,  does  it  not  feem  reafonable  to  determine  with  Aflu-  °lerfj*0fa 
ranee  the  Exiftence  of  many  Things,  without  any  dan-  Number  of 
ger  of  being  deceived,  if  in  making.ufe  of  but  one  Senfe,  Things. 
and  employing  it  in  but  one  manner  only,  it  reprefents  to 
us  many  ObjeCts  at  the  fame  time?  Now  that  we  may 
not  be  deceived  here  alfo,  we  ought  to  confider  the  Me¬ 
dium  through  which  the  ACtion  of  the  ObjeCt  is  tranf- 
mitted ;  for  Example,  a  multiplying  Glafs  makes  us  fee 
many  ObjeCIs  at  once,  when  there  is  only  one  that  really 
affeCts  our  Eyes  5  which  (hows,  that  here  alfo  we  may  be 
deceived. 


41.  Thefe 
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41.  Thefe  two  Obfervations  teach  us,  that  we  ought 
not  to  judge  rafhly,  norat  fir  ft  Sight,  that  a  Number  of 
Things  exift :  However,  after  having  taken  all  the  Precau¬ 
tions  requifite,  when  we  are  once  plainly  and  fully  con¬ 
vinced  of  their  Exiftence,  by  means  of  the  different  Sen- 
fations  which  they  raife  in  us  ;  we  cannot  help  arguing  from 
the  Adt  to  the  Power,  as  Philofophers  call  it,  which  is 
very  natural  to  all  Perfons  j  and  thence  concluding,  that 
thofe  Things  have  within  them  a  Power  to  affedt  our 
Senfes;  And  hence  it  is,  that  we  give  Names  to  thofe 
Things,  fignifying  fuch  different  Powers.  Thus  a  Body 
which  raifes  Heat  in  us,  we  call  a  hot  Body  ;  and  the  bare 
Power  of  raifing  this  Senfation  in  us,  we  call  the  Heat  of 
this  Body. 

42.  Whence  it  is  plain,  that  they  are  deceived,  who, 
before  they  have  ftudied  Philofophy,  underftand  thefe 
Words  in  a  larger  Senfe  than  was  faid  before ;  for  ex¬ 
ample,  who,  when  we  mention  the  Heat  of  the  Fire, 
imagine  prefently  that  there  is  fomething,  I  know  not 
what,  in  the  Fire,  like  that  Heat  which  the  Fire  raifes  in 
us  ;  for  the  giving  of  a  mere  Name  only  to  a  Thing  up- 
known,  does  not  at  all  make  that  T hing  known  to  us. 

43.  They  alfo  deceive  themfelves  as  foolifhly,  though 
to  appearance,  they  are  more  acute,  who,  in  order  to 
prove  that  there  is  in  the  Fire  fomething,  I  know  not 
what,  like  that  Heat  which  it  excites  in  us,  bid  us  go 
near  it  and  try :  Now,  though  we  go  near  it  a  thoufand 
times,  nay,  though  we  are  fcorched  by  it,  all  that  this 
demonftrates,  is  only  what  the  Fire  does  to  us,  and  not 
what  it  is  in  itfelf.  When  we  fpeak  therefore  of  the 
Heat,  or  Cold,  or  Smells ,  or  Sounds ,  or  Light ,  or  Colours 
of  Bodies,  to  fay,  that  they  are  really  Things  which  are 
properly  Objedfs  of  our  Senfes,  is  a  great  Miftake.  For 
he  who  fays  this,  muft  imagine,  that  we  come  to  the 
Knowledge  of  them  by  bare  Senfation  only,  which  is  ab- 
folutely  faife. 


CHAP. 
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CHAP.  III. 

He  Manner  of  applying  Philofophy  to  particular 

Subjects. 

THE  Obfervation  which  we  have  now  made,  is  of  i.m  muji 
fo  great  Importance,  that  it  alone  (hews  us  the  true  h.arut noPre- 
Methodof  Philofophy  on  particular  Subje&s  :  For  from 
hence  we  learn,  that  in  order  to  find  out  what  the  Nature 
of  any  thing  is,  we  are  to  fearch  for  fome  one  Particular 
in  it,  that  will  account  for  all  the  EfFefts  which  Experi¬ 
ence  fhows  us,  it  is  capable  of  producing.  Thus,  if  we 
would  know  what  the  Heat  of  the  Fire  is,  we  muft  en¬ 
deavour  to  find  out  fome  particular  Thing,  by  means  of 
which,  it  is  capable  of  producing  in  us  that  Sort  of  Tick¬ 
ling,  or  pleafant  agreeable  Heat  which  we  feel  at  a  little 
diftance  from  it ;  and  that  Sort  of  Pain,  or  fcorching  Heat, 
which  we  feel  when  we  approach  too  near  it ;  and  the 
fame  thing  muft  alfo  explain  to  us,  how  the  Fire  comes 
to  rarify  fome  bodies,  and  to  harden  others,  and  to  diflolve 
others :  In  a  word,  it  muft  explain  all  the  Effe&s  that  Fire 
produces.  And  in  order  to  this,  we  are  principally  to 
guard  againft  any  Prejudices  we  may  have  entertained  con¬ 
cerning  it ;  and  not  immediately  to  imagine,  that  there  is 
in  the  Fire  the  fame  kind  of  Heat,  whether  pleafant  or 
fcorching,  which  we  feel,  when  at  a  diftance,  or  near  to  it. 

For  indeed,  there  is  no  more  reafon  to  attribute  fuch  fort 
of  Heat  to  the  Fire,  than  there  is  to  afcribe  the  fame 
fort  of  pain  to  the  Needle,  which  we  feel  when  we  are 
pricked  by  it ;  and  as  he  would  without  all  doubt  be  de¬ 
ceived,  who  fhould  afcribe  the  fame  Pain  that  we  feel  to 
the  Needle ;  and  would  after  this,  labour  to  no  purpofe, 
in  trying  to  find  out  the  nature  of  it ;  fo  likewife  would 
it  be  in  vain,  after  having  afcribed  to  the  Fire  that  fort 
of  Heat  which  we  ourfelves  feel  upon  that  occafion,  to 
attempt  philofophically  to  explain  the  Nature  of  Fire  5 
for  nothing  folid  can  be  built  upon  fo  bad  a  Foundation, 
nothing  but  Conje&ures  and  Chimera’s. 

2.  What  is  now  faid  of  Heat,  may  be  applied  to  all  When  our 
other  Things:  And  by  this  Rule,  every  Thing  hereafter  is  Co^fes 
•  *°  examined.  If  that  which  we  fix  upon  to  explain  lowed,  and 
the  particular  Nature  of  any  1  hing,  do  not  account  clear-  nQC> 
ly  and  plainly  for  every  Property  of  that  Thing,  or  if  it 
be  evidently  contradicted  by  any  one  Experiment  5  then 
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we  are  to  look  upon  our  Conjecture  as  falfe;  but  if  it  per¬ 
fectly  agrees  with  all  the  Properties  of  the  Thing,  then 
we  may  efteem  it  well  grounded,  and  it  may  pafs  for  ve¬ 
ry  probable. 

3.  We  mvjl  3.  Thus  we  muft  content  our  felves  for  the  moft  part, 
for  tke  mof  to  find  out  how  Things  may  be ;  without  pretending  to 
VemttuT  come  to  a  certain  Knowledge  and  Determination  of  what 
Probability,  they  really  are ;  for  there  may  pofiibly  be  different  Caufes 
capable  of  producing  the  fame  EffeCI,  which  we  have  no 
Means  of  explaining. 

4  When  a  n  ow  as  he  that  undertakes  to  decypher  a  Letter, 

mytlal-  finds  out  an  Alphabet  fo  much  the  more  probable,  as  it 
lowed  very  anfwers  to  the  W ords  with  the  feweft  Suppofitions }  fo 
probable.  we  may.  affirm  of  that  ConjeClure  concerning  the  Nature 
of  any  Thing,  that  it  is  the  more  probable,  by  how  much 
the  more  fimple  it  is,  by  how  much  the  fewer  Properties, 
were  had  in  view,  and  by  how  much  the  more  Properties, 
different  from  each  other,  can  be  explained  by  it.  Thus, 
for  example  ;  if  having  taken  notice  only  of  four  Pro¬ 
perties  of  a  Thing,  we  form  fuch  a  notion  of  it,  that  the 
Conjecture  we  make  to  explain  them,  will  hold  as  ftrong 
for  twenty  Properties  which  we  find  to  be  in  it ;  it  is  cer¬ 
tain,  that  thefe  are  fo  many  Proofs  that  our  Conjecture 
is  very  good. 

When  a  5.  And  indeed  there  may  be  fo  many,  and  fo  very  dif- 
Conjetfure  is  ferent  Properties  in  the  fame  Thing,  that  we  fhall  find  it 
^btalllwtd  very  difficult  to  believe,  that  they  can  be  explained  two 
for  a  Truth,  different  ways.  In  which  Cafe,  our  ConjeCture  is  not 
only  to  be  looked  upon  as  highly  probable,  but  we  have 
Reafon  to  believe  it  to  be  the  very  Truth. 

6  We  ought  6.  Laftly,  To  prevent  any  Scruples  that  may  afterwards 
rot  too  eajily  ar;pe  we  muft  confider,  that,  if  our  Conjecture  be  other- 
t0a  C%e7iure  wife  well  grounded,  it  does  not  lofe  its  Probability,  be- 
tbat  is  well  caufe  we  cannot  upon  the  Spot  explain  by  it  a  Property, 
grounded.  which  appears  from  fome  new  Experiment,  or  which  we 

did  not  before  think  of :  For  it  is  one  thing  to  know  cer¬ 
tainly,  that  a  ConjeCture  is  contrary  to  Experience ;  and 
another  thing;,  not  to  fee  how  it  agrees  to  it ;  for  though 
we  do  not  at  all  fee  the  Agreement,  it  does  not  from  thence 
follow,  that  it  is  repugnant.  And  it  may  be,  though  v/e 
don’t  fee  it  to  Day,  we  may  fee  it  to  Morrow  ;  or  others 
who  can  fee  further  than  we,  may  at  one  time  01  other  dif- 
*  Part  ii.  cover  jt#  Thus,  as  we  fhall  fee  *  afterwards,  Telefcopes 
!,4,  which  were  not  in  ufe  till  our  Days,  have  confirmed  the 
rtlC'  r  Hypothefis  of  Copernicus ,  concerning  the  Motion  of  Venus  and 

Mercury ,  which  feemed  not  very  well  to  agree  with  the 
di  ferent  Magnitude  of  V  enus  at  different  times «  CHAP. 
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CHAP.  IV. 

A  Caution  concerning  Words. 

O  IN  C  E  we  are  accuftomed  to  connect  our  Thoughts  T-  That  we 
^  with  our  Words,  and  oftentimes  attend  more  to  the 
Words  than  to  the  Things  fignified  by  them  ;  that  we  Word*, 
may  not  for  the  future  be  led  into  Miftake  byWords,  we  wbofeMeatu 
fhall  not  make  ufe  of  any  here,  nor  have  regard  to  any,  ‘ufdTrJiand  * 
whofe  Meaning  we  do  not  clearly  underftand.  Where¬ 
fore  in  this  T reatife  we  fhall  wholly  negletfl  fuch  fpecious 
Words  as  Antiperifiafis ,  Sympathy ,  Antipathy ,  a  Defire  of 
Union ,  Contrariety ,  and  the  like.  And  as  we  do  not  ufe 
them  our  felves,  fo  we  fhall  have  no  regard  to  them  from 
others,  unlefs  they  tell  us,  very  clearly  and  diftincftly,  what 
they  mean  by  them,  and  how  we  are  to  underftand  them. 

Left  therefore  we  fhould  fall  into  that  Fault  which  we 
condemn  in  others,  we  fhall  here  define  the  Terms  of  Art , 
which,  after  the  Example  of  moft  Philofophers,  we  fhall 
make  ufe  of. 

2.  The  Word  Being  fignifies  only  that  which  is  or  z.Wbath 
exifis. ;  for  that  which  does  not  exift,  is  indeed  nothing.  meant  h  a 
For  if  any  Thing  be  to  exift  next  Year,  we  may  affirm,  BeinZ% 
that  at  prefent  it  is  nothing,  and  it  is  only  the  Idea  which 

we  have  of  it,  that  is  any  Thing. 

3.  We  underftand  by  Subfiance  here  a  Thing  which  we  wiat 
conceive  to  fubfift  of  it  felf,  independent  of  any  other  msant  h 
created  Thing  :  Thus  a  Piece  of  Wax  is  a  Subftance,  be-  SubJiance* 
caufe  we  conceive  it  to  fubfift  of  itfelf,  independent  of 

any  other  created  Thing. 

4.  Obferve  here,  that  I  don’t  fay  abfolutely,  that  a  Sub-  Tbat  Wi 
fiance  is  a  Thing  which  fubfifts  of  it  felf ;  but  that  it  is  ought  to 

a  Thing  which  we  conceive  to  fubfift  of  it  lelf,  which  I  fay  °f 
on  purpofe  to  make  this  Definition  of  ufe.  For  though  corfFf 
I  know  very  well,  that  our  Conceptions  or  Imaginations  cur  Ideas 
lay  no  Neceffity  upon  the  Things  themf elves ,  yet  they  are  °f  tbcm‘ 
neceflary  towards  our  judging  of  them,  becaufe  we  know 
Things  from  our  Idea’s  only,  and  we  ought  always  to 
judge  according  to  our  Thoughts. 

5.  We  call  that  a  Adodc^  or  Manner  of  Exifiing-y  or  an  5*  IVbat  « 
Accident ,  which  we  conceive  necefiarily  to  depend  upon 

fome  Subftance.  Thus,  becaufe  we  cannot  polnbly  con¬ 
ceive  the  Roundnefs  of  a  Globule  of  W  ax  to  fubiift  with¬ 
out 
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out  the  Wax,  therefore  we  call  it  a  Mode  or  Manner  of 
cxijling ,  or  an  Accident. 

6.  From  whence  it  follows,  that  a  Mode ,  or  an  Acci¬ 
dent ,  cannot  be  transferred  from  that  Subftance  which  is 
the  Subject  of  it,  to  any  other  Subfiance ;  for  if  it  could, 
it  would  not  then  have  depended  entirely  upon  the  firft 
Subfiance  when  it  was  in  it,  which  is  abfurd. 

7  •  By  the  W ord  Quality  we  mean  that,  by  which  a 
Thing  is  denominated  fuch  :  Thus  that  in  the  Fire,  what¬ 
ever  it  be,  which  has  a  Power  to  raife  the  Senfation  of 
Heat  in  us,  we  call  a  Quality  of  the  Fire,  becaufe  it  is 
from  this  that  the  Fire  is  faid  to  be  hot. 

8.  That  which  is  to  be  feared  here,  and  which  hath 
made  fome  oyer-fcrupulous  Perfons  wifh  that  this  Word 
v/ere  never  ufed,  but  wholly  fupprefTed,  is,  that  fome  Men 
foolifhly  think,  that  they  are  very  knowing,  if  they  can 
but  apply  this  W ord,  and  fome  other  of  the  like  Sort,  to 
exprefs  a  Thing  which  they  do  not  at  all  underfland. 
However,  I  cannot  agree  to  them,  but  think  it  fuflicient, 
if  we  do  not  ufe  it  in  a  bad  Senfe.  For  it  feems  to  me 
(as  it  did  formerly  to  Ariftotle)  to  be  very  properly  ufed 
for  that  in  general,  whatever  it  be,  which  we  conceive 
to  belong  to  a  Subject,  and  on  the  account  of  which,  we 
give  a  particular  Name  to  it.  Thus,  untill  we  clearly  and 
diftindlly  underfland  what  the  Heat  of  the  Fire  is,  we 
may  call  it  a  Quality  of  the  Fire. 

9-  The  Words  Vertue  or  Faculty ,  in  any  Subjedl,  figni- 
fy  in  general,  the  Power  which  a  Thing  has  to  produce 
fome  Effect  in  another  Thing.  Thus  what  we  juft  now 
called  a  Quality ,  upon  this  Account,  that  the  Fire  is  from 
thence  denominated  hot ;  may  alfo  be  called  a  Vertue  of 
the  Fire,  if  we  confider,  that  it  is  from  this ,  though  we 
know  not  what  it  is,  that  the  Fire  can  heat  any  Thing. 

10.  1  he  Ejfence  of  a  Thing,  is  that  which  it  princi¬ 
pally  is,  or  that  which  conftitutes  the  Nature  of  it,  and 
by  which  it  is  what  it  is  :  Thus  the  Ejfence  of  a  right- 
lined  Triangle  confifts  in  this,  that  it  is  a  Figure  termi¬ 
nated  by  three  right  Lines.  From  whence  if  is  evident, 
that  allowing  the  Ejfence  of  a  Thing,  is  allowing  the 
Filing  itfelf ;  and  on  the  contrary,  taking  away  the  Ef- 
fence,  is  taking  away  the  Thing  it  felf. 

1 1.  We  call  that  an  ejfential  Property  of  a  Things  which 
we  conceive  fo  to  belong  to  the  Thing,  that  it  is  the 
necefTary  Confequence  of  its  EfTence  :  Thus,  that  any  two 
Sides  together,  are  longer  than  the  Third  5  and  that  the 
three  Angles  are  equal  to  two  right  ones,  are  Properties 

that 
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that  belong  to  the  Eflence  of  a  T riangle  ;  becaufe  thefe 
fo  belong  to  it,  that  they  are  a  necefiary  Confequence  of 
a  Figure’s  being  terminated  by  three  right  Lines/  So  like- 
wife  it  is  the  effential  Property  of  a  right-angled  T riangle, 
to  have  the  Square  of  the  Side  oppofed  to  the  right  Angle, 
equal  to  the  Squares  of  the  two  other  Sides  ;  becaufe  this 
fo  belongs  to  this  Sort  of  X riangle,  that  it  necefiarily  fol¬ 
lows  from  its  being  right-angled. 

12.  We  call  that  an  accidental  Property  of  a  Thing*,  or  n-Wbat 
in  general  an  Accident ,  which  we  do  not  think  necefiary  tfl 
to  it ;  or  which  fo  belongs  to  it,  that  it  might  have  been  0f  a  ibfng 
without  it,  and  yet  not  ceafed  to  have  been  what  it  was  :  Z1* 

Xhus  the  Blacknefs  in  a  Xriangle  is  an  Accident ,  becaufe 
this  Colour  is  not  necefiary  to  a  T riangle  ;  and  it  may 
be  not  Black  without  ceafing  to  be  a  Triangle. 

13*  The  Production  of  Something  which  before  was  T3-  WbatU 
not,  we  call  Generation ;  thus  we  fay  Fire  is  generated ,  #/// o'JrX 
when  we  fee  Fire  where  the  Wood  was  before  ;  fo  like-  ration. 
wife  we  fay  a  Chicken  is  generated ,  when  we  fee  a  Chicken 
in  the  room  of  an  Egg. 

14.  When  a  Thing  is  deftroyed,  or  ceafes  to  be  what  *4*  iS 
it  was  before,  we  call  it  Corruption  ;  thus  we  fay  it  is  a  ^bTt'cf^Cor- 
Corruption  of  the  Wood,  when  we  fee  the  Wk)od  no  Ion-  mption. 
ger,  but  only  the  Fire  in  the  Place  of  it ;  And  in  the  fame 
manner  we  fay  an  Egg  is  corrupted ,  when  we  fee  the  Egg 
no  longer*  but  a  Chicken  in  its  Place. 

15*  A  Thing  is  faid  to  be  altered ,  when  it  has  under-  15.  What  is 
gone  fome  Change,  but  not  fo  great  a  Change  as  for  us  fff  btbs 
not  to  know  it  again,  or  to  have  a  new  Name  given  to  ration. 
it-  Thus  when  a  Piece  of  Iron,  which  was  before  cold, 
is  made  hot,  it  is  faid  to  be  altered ;  for  this  Change  is  not 
fo  great,  but  we  know  it  to  be  Iron  ftill,  and  do  not 
give  a  new  Name  to  it.  We  mull:  take  particular  Notice 
here,  that  the  Alteration  muff  make  but  a  moderate 
Change  ;  for  if  it  be  fo  great,  that  we  cannot  know  the 
1l  hing  thus  changed,  we  do  not  then  fay  that  it  is  altered , 
but  that  jit  is  corrupted. 

16.  By  th z  firft  Principles  of  natural  Things,  we  under-  16.  What  is 
Hand,  that  which  is  firft,  and  moff  fimple  in  them,  or  that  meant  b  thc 
of  which  they  are  originally  compofed,  and  beyond  which  ^p^ltu* 
they  cannot  be  reduced.  Thus,  the  firft  Principles  of  a  ral  Things, 
Chicken,  are  thofe  Things  which  are  united  together  to 
compofe  a  Chicken,  and  which  are  lo  fimple,  that  they 
tnemfelves  are  void  of  all  Compcfition, 
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17.  Now  I  do  not  pretend  that  the  foregoing  Defini¬ 
tions  contain  any  fecret  Things  in  them,  nor  do  I  defign 
they  fhould  pafs  for  Things  very  fublime,  as  fome  Philo- 
fophers  have  done  ;  but  on  the  contrary,  my  principal  De¬ 
fign  in  laying  them  down  here,  was  no  other  than  to  ex¬ 
plain  the  Meaning  of  the  Terms  which  I  have  defined  fo 
diftinffly,  that  no  one  might  be  deceived,  in  putting  any 
other  Senfe  upon  them  more  enlarged  or  retrained  ;  and 
to  clo  it  in  fuch  a  manner,  that  no  Fhftions  might  be 
made  out  of  them. 

18.  I  fhall  here  add  one  Caution  about  Words,  and  it 
is  this,  That  though  thofe  which  we  call  Nouns  fuhjl  ant  ive 
were  invented  to  fignify  Subftances  ;  and  Adjectives  and 
Verbs  properly  fignify  only  Qualities  or  Modes,  or  Man¬ 
ners  of  exifting  or  acting;  yet  there  are  a  great  many 
Words,  which  in  Grammar  pafs  for  Nouns  fubftantive ; 
whofe  Signification  is  the  fame  as  that  of  Verbs.  Thus 
when  we  fay  that  a  Walk  is  wholfome ,  we  mean  no  more 
than  that  it  is  wholefome  to  walk. 

19.  For  want  of  attending  to  this  Rule,  the  Generality 
of  young  Men,  when  they  begin  to  ifudy,  take  the  Things 
fignified  by  thefe  Sort  of  Nouns  lubftantives,  to  be  real 
Beings,  and  imagine  them  to  have  a  particular  Exiftence, 
and  by  this  Means  fill  the  World  with  Scholajiick  Entities , 
and  rational  Entities  y  which  they  are  many  times  fo  pof- 
fefied  with,  that  they  become  incapable,  all  their  Lives 
after,  of  applying  themfelves  to  any  Thing  that  is  folid 
and  fubftantial. 

'CHAP.  V. 

Vhe  principal  Axioms  of  Natural  Philofophy . 

AFTER  having  explained  the  principal  Terms  made 
■“*  ufe  of  in  natural  Philofophy  ;  I  lhall  now  lay  down 
feme  important  Truths ,  which  are  felf-evident,  and  which, 
being  the  Foundation  of  all  Philofophical  Truths,  are  con- 
fequently  the  principal  Axioms  of  Philofophy. 

2.  The  fir  ft  is  ;  that  Nothings  or  that  which  has  no  Ex - 
ijlencey  has  no  Properties.  Thus  we  cannot  fay  that  No¬ 
thing  is  hot,  or  cold,  can  be  divided,  or  has  Parts,  &c. 

Therefore  where  we  know  there  is  any  Property,  what¬ 
ever  it  be,  there  v/e  may  affirm,  that  there  is  feme  Thing, 
Iome  real  Bfing. 
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3.  Secondly  5  It  is  impojfible  that  Something  Jhculd  be  made 
of  abfolute  Nothing  ;  or  that  mere  Nothing  can  become  any 
Thing .  This  Axiom  is  a  neceiTary  Confequenee  of  the 
foregoing  one,  and  proves  it  felf  to  them  who  grant  that. 
For  if  Nothing  can  be  made  Something,  it  would  follow, 
contrary  to  the  preceeding  Axiom,  that  Nothing  has  fome 
Property;  Which  is  abfurd. 

4.  When  I  faid,  that  it  is  impojfible  for  Something  to  be 
made  of  Nothing ,  I  exprefsly  added  the  Word  Abfolute , 
becaufe  I  do  not  at  all  doubt,  any  more  than  any  other 
Perfon,  that  a  Thing  maybe  made  out  of  what  has  no¬ 
thing  of  that  Thing  in  it,  or  to  fpeak  more  clearly,  may 
be  made  out  of  that  which  is  not  that  Thing.  Thus  for 
Example ;  No  one  can  doubt,  but  that  Bread  may  be 
made  of  Water  and  Meal,  which  are  not  yet  Bread. 

5.  Thirdly  j  No  Thing  or  Subfance  can  be  wholly  annihi¬ 
lated  ;  that  is ,  fo  ceafe  to  be^  that  there  fall  remain  nothing 
at  all  of  it.  Indeed  ;  when  any  Thing  wholly  difappears, 
we  eafily  apprehend,  that  it  ceafes  to  be  the  Thing  that  it 
was,  in  order  to  become  fome  new  Thing  :  Thus  we  ea¬ 
fily  apprehend,  that  Corn  ceafes  to  be  Corn,  in  order  to 
become  Meal,  and  that  every  Part  of  the  Meal  may  be 
ftill  divided  into  other  Parts,  fo  fmall  that  they  may  be 
utterly  imperceptible  ;  but  how  that  which  is  Something, 
can  become  absolutely  Nothing,  this  is  utterly  uncon¬ 
ceivable. 

6.  Fourthly  ;  Every  Ejfeft  prefuppofes  fome  Caufe.  This 
is  fo  generally  allowed  by  all  the  World,  that  the  dulleft 
of  all,  are  led  to  admire  certain  Effecfts,  for  that  very 
Reafon,  becaufe  they  are  perfwaded  that  they  proceed 
from  a  Caufe,  and  that  this  Caufe  is  wholly  unknown  to 
them.  If  this  was  not  a  very  true  Axiom,  we  fticuld  not 
fo  much  wonder  at  that  moft  known  Property  of  a  Load- 
ftone  for  Example ;  but  reft  fatisfied,  with  knowing  only 
that  the  Iron  does  really  approach  the  Loadftone,  without 
wilhing  for  any  Thing  further. 

7.  Fifthly.  Which  is  a  Confequenee  of  the  foregoing 
Axiom  ;  If  we  onr  f elves  are  not  the  Caufe  of  any  Effefit ,  it 
muf  necejfarily  depend  upon  fome  other  Caufe.  Thus,  if  I 
know  certainly,  that  a  particular  Eftedft  which  is  within 
my  own  felf,  does  not  depend  upon  me  ;  I  certainly  con¬ 
clude,  that  it  depends  upon  fome  other  Caufe. 

8.  Sixthly  ;  Every  Things  as  much  as  it  can ,  endeavours 
to  continue  in  that  State  in  which  it  is.  Thus,  if  any  Thing 
be  fquare,  it  will  continue  always  fquare,  and  will  never 
of  its  own  felf  become  round,  or  of  any  other  F igure,  T his 
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is  what  others  mean,  when  they  fay,  that  Nothing  tends 
to  the  deftroying  of  it  felf. 

9.  From  whence  it  follows,  Seventhly ;  That  every  Al¬ 
teration  is  made  by  fome  external  Caufe.  T  hus  if  we  fee  a 
Flower  in  a  Garden  very  frefh  in  the  Morning,  and  in  the 
Evening  find  it  withered ;  we  conclude,  that  either  the 
Sun,  or  the  Wind,  or  perhaps  fome  Perfbns  roughly  hand¬ 
ling  of  it,  have  caufed  this  Change,  and  though  we  could 
not  at  all  guefs.  what  it  was  that  had  made  this  Change  ; 
yet  we  fhould  afcribe  it  to  fome  Caufe. 

10.  Eighthly  ;  Every  Alteration  is  always  proportionable 
to  the  Force  of  the  Agent  ivhich  caufes  it.  So  that  the 
Thing  which  is  altered  continues,  as  much  as  it  can,  in 
its  firft  State.  Thus  if  a  Body,  which  moves  flowly, 
comes  upon  another  Body  at  reft,  and  pufties  it  before  it, 
we  cannot  think  that  it  can  move  this  latter  Body  (1) 
fwifter  than  it  goes  it  felf. 

11.  There  are  yet  more  Axioms  which  I  {hall  afterwards 
draw  many  Conclufions  from  ;  but  becaufe  they  are  not 
fo  general  as  thefe,  I  fhall  content  my  felf  with  men¬ 
tioning  them,  when  I  have  occafion  to  make  ufe  of 
them. 

12.  But  before  we  proceed  any  further  ;  as  my  De- 
fign  is  to  treat  of  natural  Things,  and  to  explain  as  well 
the  Caufes  by  the  Effefts,  as  the  Effects  by  the  Caufes  ; 
that  I  may  not  go  beyond  the  Limits  of  my  Subject,  but 
contain  my  felf  within  the  Bounds  of  the  Science  I  treat 
of ;  I  exprefsly  declare,  that  my  Defign  is  to  confider 
Things  in  their  ordinary  and  natural  State,  and  that  I  pre¬ 
tend  not  to  fay,  or  determine,  what  they  are,  or  may  be, 
in  an  extraordinary  or  preternatural  State :  Becaufe,  I 
think,  it  is  great  Rafhnefs  to  undertake  to  determine,  how 
far  the  Power  of  God  can  extend  it  felf,  whom  I  ac¬ 
knowledge  to  be  the  Author  of  every  Thing  in  theWorld, 
and  who,  I  believe,  can  make  a  Multitude  of  Things 
above  the  Capacity  of  humane  Underftanding. 

13.  Wherefore  I  v/ill  never  venture  to  affirm,  that 
there  is  any  Thing  impoffible  with  God  ;  and  inftead  of 
fpeaking  in  fuch  a  manner,  which  is  too  common  amongft 
Philofophers,  I  will  content  my  felf,  with  only  faying, 
that  fuch  a  Thing  is  not  of  the  Number  of  thofe  Things 
which  I  know  He  can  do. 

(j  Sivifter  than  it  goes  it  felf  A  an  Addition  of  now  Force.  See  be- 
Unlefs  it  be  endued  with  an  elajitik  low,  Cfcap,  xi.  Art.  6. 

Force,  v.hkh  is  to  be  underftood  as 


14.  And 
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14.  And  above  all  Things,  I  particularly  guard  my  felf  *4- Mat  we 
againft  enquiring  into  the  Myjl erics  of  Faith,  and  attempt- 
ing  to  explain  what  is  obfcure  therein ;  becaufe  I  am  jiti  ve  into 
firmly  perfwaded,  that  that  which  God  Almighty  would  Mena. 
have  to  be  a  My Jlery  to  the  Ignorant  and  Unlearned,  he 
would  have  to  be  fo  likewife  to  the  moft  exalted  Genius, 
and  to  them  who  think  themfelves  much  greater  Philofo- 
phers  than  I  am. 

CHAP.  VI. 

Of  the  Principles  of  Natural  Things. 

IN  order  to  know  what  the  Principles  are,  of  which  x.  Of  Mat- 
natural  Things  are  compofed,  we  may  take  one  parti-  ter' 
cular  EffeCt  for  a  Rule,  and  examine  that ;  as  for  Exam¬ 
ple,  what  is  done,  when  the  Wood  is  converted  into  Fire: 

For  by  this  Means,  it  will  be  eafy  to  judge,  what  pafles  in 
other  Productions  of  Nature ;  and  this  will,  as  it  were, 
lead  us  by  the  Hand,  and  help  us  to  difcover  what  natu¬ 
ral  Principles  are,  and  how  many  there  are  of  them.  Firft 
then  ;  becaufe,  according  to  the  Maxims  before  eftablifh- 
ed,  it  is  impoflible  to  conceive  the  Wood  to  be  wholly 
annihilated,  or  the  Fire  to  be  made  out  of  abfolute  No¬ 
thing,  therefore  we  muft:  think,  that  there  is  Something 
which  before  belonged  to  the  Wood,  which  now  belongs 
to  the  Fire,  and  is  therefore  common  to  them  both.  Now 
this,  whatever  it  be,  that  fubfifts  under  thefe  two  Forms, 
we  call  Matter ,  as  others  call  it ;  fo  that  Matter  is  one  of 
the  Principles  of  natural  Things. 

2.  Secondly ,  We  apprehend"  alfo,  that  there  muft  necef-  2.  Of  Form, 
farily  be  fomething  elfe  added  to  Matter,  which  makes  it 
to  be  Wood  and  not  Fire,  or  to  be  Fire  and  not  Wood  ; 
and  whatever  this  be,  which  does  not  caufe  Matter  to 
exift,  but  only  to  exift  in  that  manner,  we  call  it  the 
Form ;  and  this  we  reckon  another  Principle  of  natural 
Things. 

3.  Ariflotle  obferved,  that  though  a  Thing  could  no t^rbatPri- 
be  made  abfolutely  out  of  Nothing,  it  might  however  be 
made  out  of  what  was  not  that  Thing.  Thus  a  Chicken  t^Qer>era . 
may  be  made  out  of  that  which  is  not  now  a  Chicken  j  tion  of  a 
fo  that  the  Non-exiftence  of  a  Thing,  which  he  calls  Cfhi%' 
Privation ,  muft  immediately  precede  the  Generation  of 

C  3  it: 
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it  :  From  whence  he  concludes,  that  there  are  three 
Principles  of  natural  Things,  Privation,  Matter,  and 
Form . 

4.  But  by  making  Privation  a  Principle,  the  Word 
Principle  becomes  ambiguous,  and  quite  another  Mean¬ 
ing  is  given  to  it,  than  when  we  faid  of  Matter  and  Form, 
that  they  were  the  Principles  of  natural  Things  ;  for  it  i$ 
certain,  that  Privation  is  not  at  all  a  Thing,  nor  does  it 
go  to  the  Compofition  of  any  Thing. 

5.  Befides,  there  is  no  Reafon  to  make  a  particular  My  ^ 
tery  of  this  Word  Privation ;  for  there  is  no  Body  but 
knows  what  it  means';  and  fince  it  is  of  no  ufe  to  explain 
natural  Things  by,  we  conclude,  that  there  are  but  two 
Principles  of  natural  Things,  viz.  Matter  and  Form. 

6.  But  we  have  not  yet  made  any  great  Advances  in 
the  Knowledge  of  the  Things  of  Nature :  For,  He  is  very 
far  from  underhand ing  the  Nature  of  Fire,  who  knows 
only  thus  much,  that  Matter  is  neceflary  to  the  Compo¬ 
fition  of  it,  that  is,  it  has  fomething,  we  know  not  what, 
in  common  with  other  Things;  and  that  a  Form  is  alfo 
neceflary  to  it ;  that  is,  another  Something,  we  know  not 
what,  which  gives  that  particular  Exiftence  to  the  Fire  ; 
for,  as  was  obferved  before,  a  Thing  that  is  unknown, 
does  not  become  known,  by  giving  a  Name  to  it ;  we 
mu  ft  therefore  confider  more  diftindhly,  what  Matter  and 
Form  particularly  are.  We  will  begin  with  Matter,  and 
try  to  find  out  what  that  is,  which  we  call  we  don’t  know 
what,  which  is  common  to  all  the  Things  in  Nature. 

CHAP.  vn. 

Of  Matter. 

C  I  N  C  E  there  are  but  three  Particulars  neceflary  to  a 
^  perfect  Underftanding  of  any  Thing,  viz.  its  EJfence, 
its  Properties ,  and  its  Accidents  ;  that  we  may  comprehend 
fully  what  Matter  is,  wre  muft  diftindtly  explain  what  the 
E  fence  of  it  confifts  in  ;  what  the  Properties  of  it  are  ;  and 
what  Accidents  it  is  capable  of ;  in  order  to  which,  we 
have  no  more  to  do,  but  to  examine  all  that  we  conceive 
any  way  to  belong  to  material  Things,  confidered  as  ma¬ 
terial,  that  is,  to  belong  to  Matter ;  and  then  exadhly  to 
diftinguifh  its  F. [fence,  from  its  Properties,  and  Accidents. 

2,  Now 
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2.  Now  according  to  this  Method,  if  we  confider,  that 
though  we  do  not  perfectly  underftand  what  Hardnefs ,  belong  to 
Liquidity ,  Heat,  Cold,  Heavinefs ,  Lightnefs,  Tafte,  Smell,  Matter . 
Sound,  Light,  Colour,  Tranfparency,  Opacity ,  and  the  like, 

are ;  yet  we  underftand  enough  of  them,  to  know,  that 
they  are  none  of  them  infeparable  from  Matter,  that  is,  it 
mayexift  without  any  of  them,  (for  we  fee  that  fome  ma¬ 
terial  Things  are  without  Hardnefs,  fome  without  Liqui¬ 
dity,  fome  without  Heat,  and  fome  without  Cold,  and  fo 
of  the  reft,)  wherefore  we  fay,  that  the  EJfence  of  Matter 
does  not  confift  in  any  of  thefe  Things,  but  that  thefe  are 
accidental  only. 

3.  But  when  we  confider  Matter  as  extended  into  Length,  3.  That  Ex- 

Breadth,  and  Thicknefs ;  as  having  Parts ,  and  thofe  Parts  tenjion  it  not 
having  fome  Figure,  and  that  they  are  unpenetrable,  we  do  t0 

not  judge  in  the  fame  manner  of  thefe,  nor  think  them 

mere  Accidents  of  Matter.  For,  as  to  Extenfion ;  it  is 
certain,  that  we  cannot  feparate  the  Idea  of  that,  from 
any  Matter  whatfoever ;  becaufe  if  Extenfion  dees  not  go 
along  with  it,  we  immediately  lofe  the  Idea  of  Matter,  in 
the  lame  manner  as  the  Idea  of  a  T riangle  vanifties,  if  we 
ceafeto  have  in  our  Minds  the  Image  of  a  Figure  termi¬ 
nated  by  three  Lines. 

4.  As  to  the  Parts  of  Matter ;  we  apprehend  them  to  To  have 

belong  to  it  fo  neceflarily,  that  we  cannot  imagine  any  is  not 
Portion  of  it  fo  fmall,  be  it  the  fmalleft  we  can  conceive,  t0 

but  that  if  it  be  upon  a  plain  Superficies,  we  muft  think 

at  the  fame  time,  that  it  touches  it  in  one  Part,  and  does 
not  touch  it  in  another;  that  is,  this  fmall  Portion  of 
Matter,  confifts  of  Parts. 

5.  With  refpetft  to  Figure  ;  though  it  be  nothing  elfe  5. 7 bat  Ft* 
but  the  Difpofition  of  the  extreme  Parts  of  a  Body,  and  gure  ii  not 
perhaps  we  cannot  determine  the  particular  b  igure  or  a  Matter. 
particular  Body  ;  it  is  however  manifeft,  that  we  cannot 
conceive  any  Body,  be  it  ever  fo  great,  or  ever  fo  fmall, 

but  at  the  fame  time  we  conceive  it  to  have  fome  Figure. 

6.  Lajlly,  With  regard  to  Impenetrability  ;  fince  a  cer-  6,That  Im, 
tain  Portion  of  Matter,  fuppofe  a  cubic  F oot,  has  all  that  penetrability 
is  neceftary  to  fuch  a  Magnitude,  we  cannot  conceive  how  ”fe°'ta\a(' 
another  cubic  Foot  can  be  added  to  it,  without  making  Matter . 
two  cubic  Feet :  For  fuppofe  anyone  would  reduce  them 

to  one  cubic  Foot  by  Penetration,  this  would  not  be  fo 
much  reducing  them  to  one  cubic  Foot,  as  it  would  be 
dtftroying  the  firft  Suppofition  ;  whence  we  are  led  to 
think,  that  the  Parts  of  Matter  are  in  their  own  Nature 
impenetrable. 

C  4  7.  Nov/ 
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7.  Now  this  being  fo ;  we  muft  fay,  that  Extension ,  DU 
'uifibility ,  Figure ,  and  Impenetrability ,  are,  at  lea  It,  ejfential 
Properties  of  Matter,  becaufe  they  always  go  along  with 
it,  and  cannot  be  feparated  from  it ;  and  thefe  being  all 
that  we  conceive  to  belong  to  Matter  neceftarily,  for  we? 
know  of  nothing  more,  we  are  allured,  that  the  EJfence 
of  Alatter  confifts  in  one  of  thefe, 

8.  And  becaufe  we  conceive  Extenfion  before  the  other 
Three,  and  becaufe  we  cannot  conceive  the  other  Three, 
without  fir  ft  fuppofmg  Extenfion^  (1)  we  ought  to  think 
that  Extenfion  is  that  in  which  the  EfFence  of  Matter 
confifts. 

9.  If  it  fhould  be  here  ofcje&ed  ;  That  God  could  make 
Something  to  be  the  EJfence  of  Matter,  which  neither  we, 
nor  any  Man  living,  can  underftand  what  it  is ;  we  can 
make  no  other  Anfwer,  but  only  this ;  that  God,  being 
Lord  of  all  Things,  might  create  them  according  to  his 
own  Will;  for  we  do  not  pretend  to  determine  by  our 
Reafon,  that  which  Reafon  cannot  come  at.  Wherefore 
leaving  fuch  Sort  of  Queftions  to  be  treated  of  by  thofe, 
who  are  of  a  higher  Prpfeflion  than  that  of  mere  natural 
Philofophy,  and  who  carry  their  Views  far  beyond  what 
Reafon  can  do ;  we  fhall  contain  our  felves  within  the 
Limits  which  that  prefcribes,  without  invading  the  Ter¬ 
ritories  of  others ;  and  conclude  from  that  Knowledge 
which  we  have  by  Reafon,  that  the  EJfence  of  Matter  con-r 
lifts  in  Extenfion ,  becaufe  that  is  what  we  firft  perceive 
in  it,  and  from  which  every  Property  of  Matter  is  derived, 
and  upon  which  it  depends, 

(i)  We  ought  to  think  that  Exten. 
jion,  &c.)  It  does  no  more  feem  to 
follow  from  hence  ;  that,  becaule  we 
conceive  Extenfion  before  any  ether 
Properties  of  Matter,  and  that  thofe 
Properties  can’t  be  conceived  to  ex- 
ill,  without  firft  conceding  Extenfi¬ 
on;  therefore  Extenfion  is  the  El- 
lence  of  Matter  5  than  it  follows  from 
hence,  that  Exigence  is  conceived 
before  all  other  Properties  of  Matter, 
and  therefore  Exjter.ce  is  the  Effence 
of  Matter.  But  fir.ee  Extenfion  is  a 
more  genera!  Word,  and  compre¬ 
hends  more  under  if  than  material 
Things,  it  Ihould  feem,  that  that 
impenetrable  Solidity  which  belongs 
to  a!!  Matter,  and  to  Matter  oniy, 
and  from  which  all  its  Pit  perries  ma- 


uifcftly  flow,  may  be  more  trulycal- 
Jed  the  Effence  of  Matter. 

But  further  ;  if  Extenfion  were  the 
Effence  of  Matter,  and  fo  Matter  the 
fame  as  Space  it  jelf ;  it  would  fol¬ 
low,  that  Matter  is  infinite,  and  ne- 
ceflarily  eternal,  and  could  neither 
have  been  created,  nor  be  reduced  to 
nothing  ;  which  is  very  abfurd.  Be. 
fide  ;  it  evidently  appears  from  Gra¬ 
vity,  as  fhall  be  afterwards  explain¬ 
ed,  and  from  the  Motion  of  Comets, 
and  from  the  Vibrations  of  Pendu¬ 
lums,  that  Space  it  Jelf  is  not  Mat¬ 
ter.  Wherefore  not  Extenfion,  but 
fo/id  Extenfion,  impenetrable,  which 
is  endued  with  a  Power  of  tejifUng, 
may  (as  was  before  faid)  be  mote 
truly  called  the  EJfence  of  Matter. 


TO.  Fur- 
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10.  Further,  that  we  may  carry  our  Knowledge  as  far 
as  the  Light  of  Nature  will  permit ;  let  us  conhder  that 
the  Idea  of  Extenfion  is  fo  far  from  depending  upon  any 
created  Thing,  that  we  can  fcarce  get  it  out  of  our 
Minds,  when  we  try  to  imagine  Nothing,  which  we  be¬ 
lieve  was  before  the  Creation  of  the  World  ;  which 
fhows  that  it  does  not  depend  upon  created  Things,  that 
it  i$  not  a  Confequence  nor  a  Property  of  them,  much 
Jefs  is  it  an  Accident  or  Mode  of  exifting,  but  a  true  Sub- 
fiance. 

1 1*  It  is  generally  believed,  that  this  is  very  different 
from  the  Opinion  of  Ar'tjiotle ,  becaufe  he  fays  in  his  Me- 
taphyficks,  that  Matter  is  not  a  Thing  that  can  any  way 
anfwer  to  Queftions  which  relate  to  Effence ,  Quantity ,  or 
Quality ;  and  indeed,  that  it  is  not  a  certain  determinate 
Thing;  This  the  Arijlotelians^  for  the  moll  part,  fo  in¬ 
terpret,  that  they  would  have  us  think  that  Matter  is  not 
at  all  extended,  nor  has  any  Exiftence. 

12.  But  Ariftotle  feems  in  this  Place  to  fpeakof  Mat¬ 
ter  in  general ;  for  he  exprefsly  diftinguifhes  between  Ex¬ 
tenfion  and  Quantity ,  as  every  one  ought,  becaufe  we 
can  conceive  the  one  without  the  other.  Thus,  for  Ex¬ 
ample,  a  Surveyor  of  Land  conceives  at  firft  Sight,  that 
a  Field  is  extended,  but  he  does  not  know  the  Quantity 
of  it,  till  after  he  has  meafured  it.  Now  in  this  Senfe  of 
the  Word  Matter,  there  is  no  Inconfiftency  in  faying, 
that  it  may  be  extended,  and  yet  not  be  any  Thing  that 
will  anfwer  to  thofe  Queftions  which  Ariftotle  there  enu¬ 
merates  ;  for  thofe  Queftions  are  to  be  underftood  only  of 
Matter  under  fome  particular  Form  :  Thus  we  cannot 
fay  of  Matter  in  general,  that  it  is  Hot  or  Cold,  that  it 
contains  a  certain  Number  of  Feet,  or  that  it  is  fuch  a 
particular  Thing,  as  Gold,  or  Wood,  or  Marble;  any 
more  than  we  can  fay  of  an  Animal  in  general,  that 
it  is  a  Horfe,  and  not  a  Dog,  or  any  other  particular 
Species. 

13.  But  be  this  as  it  will,  if  Ariftotle  was  not  of  this  O- 
pinion,  as  many  of  his  Interpreters  think  he  was  not ;  we 
fhall  make  no  Difficulty  in  this  Matter,  to  differ  from 
him  ;  becaufe  we  do  not  govern  our  felves  by  Authority, 
when  we  endeavour  to  eftablifh  Things  upon  Reafon. 
And  there  feems  to  me  no  Reafon  to  fay,  that  Matter, 
which  is  the  common  Subjeft  of  all  Things,  has  it  felf  no 
Exiftence  ;  for  there  is  no  Difference  betwixt  Non-Ex- 
iftence  and  Nothing,  or  having  no  Properties. 


25 


IO.  That 
Extenfion  is 
not  a  mere 
Mode • 


II.  That 
tbit  Notion 
is  not  agree¬ 
able  to  the 
great  eft  fart 
of  them, 

•who  call 
themfelve * 
the  Difctplts 
of  Ariftotle. 

I  a.  That  bis 
Opinion  it 
not  contrary 
to  it. 


13.  That  it 
is  not  Au¬ 
thority  but 
Reafon, 

•which  ought 
to  be  the 
Judge  of 
Truth . 


14.  Some 
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threat  14.  Some  jri/fotelians,  who  may  be  fatisfied  with. this 
W- 7”  Anfwer,  will  perhaps  find  fault  with  me,  becaufe  I  call 
BrEdtb,  Extenfion  in  Length,  Breadth  and  Thicknefs,  a  Sub- 
and  Thick-  fiance,  and  not  a  mere  Mode  or  Accident,  as  they  do. 
"btaMoL  Thus,  for  Example,  when  we  fpeak  of  the  Extenfion  of 
a  Table,  they  underftand  that  the  Extenfion  is  a  Mode, 
and  the  Table  the  Subfiance  of  it.  But  it  is  eafy  to  make 
appear,  that  this  is  a  Miftake  arifing  from  the  Manner  of 
Speaking,  and  is  altogether  as  grofs,  as  it  would  be,  in  fpeak- 
ing  of  the  City  of  Rome ,  to  imagine,  that  thefe  were  two 
different  Things,  one  the  Mode,  and  the  other  the  Sub- 
fiance.  But  to  clear  all  Difficulty  in  this  Matter,  we  muft 
obferve,  that  it  is  of  the  Nature  of  a  Subfance  to  be  able 
to  exifl  without  its  Mode ;  on  the  other  hand,  the  Nature 
of  a  Mode  is>  not  to  be  able  to  exifl  without  that  SubJlance 
of  which  ft  is  the  Mode,  for  it  is  evident,  (1)  that  the 
whole  Extenfion  of  the  Table  can  fubfift  without  being  a 
Table,  but  on  the  contrary,  there  can  be  no  Table  with¬ 
out  Extenfion.  Wherefore,  fp  far  ought  we  to  be  from 
faying,  that  Extenfion  is  a  Mode  of  which  the  Table  is 
the  Subftance,  that  we  ought  to  fay,  on  the  contrary, 
that  Extenfion  is  the  Subftance,  and  the  Form  of  the 
T able  the  Mode. 

,  JT  bencc  15.  Laftly,  They  who  deny  Extenfion  to  be  the  Effence 
it  is  tha t  of  Matter ;  cannot  diftinftly  tell  us  what  they  mean  by 

Mat  Phi-  Matter,  nor  in  what  its  Effience  confifts;  and  they  lay 
*lee„  Ltberto  down  fo  obfeure  a  Thing  for  a  Principle,  that  it  is  im- 
ja  barren,  polfible  to  draw  any  Confequence  from  it,  that  can  en¬ 
lighten  our  Minds,  or  ferve  to  clear  up.  any  Truth. 
Wherefore  we  need  not  be  furprized,  that  their  Philo- 
fophy  is  fo  barren,  and  that  it  is  not  capable  of  explain¬ 
ing  the  fmalleft  Effect  in  Nature.  Let  us  now  fee  if  the 
fame  may  be  affirmed  of  the  Principle  which  we  have 
maintained. 


(1)  That  the  •whole  Extenfion  of 
the  Table,  See.)  Yes,  if  neither  the 
Table ,  nor  the-  Matter  it  felf,  or 
Subftance  of  the  Table  exifted.  This 
Inftance  therefore  does  not  prove, 
that  Extenfion  is  that  Subftance  or 
Matter  of  the  Table,  but  that  there 


muft  neceflarily  be  fome  SubJlance 
fiiblifting  under  the  Form  of  the  Table , 
which  is  it  felf  extended  5  which  ex¬ 
tended  Subftance  is  not  Extenfion  it  ' 
felf,  but  fubfifts  in  Extenfion  or  ex¬ 
tended  Space. 


C  H  A  P. 
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CHAP.  VIII. 


Some  Corollaries  of  the  foregoing  Notion. 


FROM  what  we  have  now  laid  down  concerning  the  *•  li 
Eflence  of  Matter,  we  infer  in  the  firlf  place,  ( i )  that 
what  the  Philofophers  call  a  Vacuum  cannot  pojfible  be:  For  be  what  the 
by  a  Vacuum  they  mean  a  Space  void  of  all  Matter ;  but 
by  Space  (or  Extenfion)  we  mean  the  fame  Thing  as  cuum> 
Matter  3  and  to  ask  if  there  can  be  any  Space  without 


That  what  the  Philosophers 
gall  a  Vacuum,  &c.)  This  is  con- 
fiftently  enough  faid  of  him,  who 
affirms  the  Eflence  of  Matter  to  be 
Extenfion:  But  it  is  very  evident 
from  Gravity,  (which  fhall  after¬ 
wards  be  briefly  explained)  that  there 
muft  not  only  be  a  Vacuum  in  Nature, 
but  that  it  is  the  far  greateft  Part. 

Befides,  a  Vacuum,  as  I  faid  now, 
is  demonftrated  from  the  Motion  of 
Comets.  For  fince  the  Comets  are  car¬ 
ried  with  a  continual  Motion  through 
the  Heavenly  Spaces,  from  every  Part, 
and  all  Ways,  and  to  all  Parts  (in 
Orbits  which  cut  the  Orbits  Of  the 
Planets  tranfverfely  every  way)  it  is 
evident  from  thence,  that  the  Heavenly 
Spaces,  mufi  he  void  of  any  fenfible 
Refinance,  and  consequently  of  any 
fenjible  Matter,  Newt.  Optic  p.  3  i  o. 
See  alfo  the  Notes  on  Part  II.  Chap. 
25,  26. 

This  is  ftill  further  evident  from 
the  Vibrations  of  Pendulums,  for  they 
meet  with  no  Refiftance  in  Spaces, 
out  of  which  the  Air  is  exhaufted  ; 
wherefore  it  is  plain,  here  is  no  fen  - 
Able  Matter  in  thofe  Spaces,  nor  in 
the  occult  Pores  of  the  Body  them- 
felves  The  Fiflion  of  Cartes ,  that 
th tSmallnejs  of  his  fubtilMatter  is  the 
Reafon  why  the  Refiftance  is  infenfi- 
ble,  for  a  fmall  Body  ftriking  againft 
a  large  one,  cannot  move  it  in  the 
leaft,  nor  hinder  its  Motion,  but  is 
reflected  with  the  Whole  of  its  own 
Motion  5  this  is  very  weak,  and  con¬ 
trary  both  to  Reafon  and  Experience. 
For  the  famous  Sir  IJaac  Newton  has 
demonftrated,  that  the  Denfity  of 
fluid  Mediums  it  pretty  nearly  in  pro¬ 
portion  to  their  Refiftance  (Opt.  p. 
3 n.)  and  that  they  are  very  much 
mjftaken,  who  think  that  the  Ref  ft. 


ante  of  projeci  He  Bodies  is  infinitely 
dimini (bed,  by  the  infinite  Divifion 
of  the  Parts  of  the  Fluid ;  (Princip. 
Book  II.  Prop.  38.  Corol-  2.)  For  on 
the  contrary ,  it  is  evident ,  that  the 
Refiftance  can  be  but  a  very  little  di - 
mint  (bed ,  by  the  Divifion  of  the  Parts 
of  the  Fluid  (Ibid.  Prop.  40.  Cor.  3.) 
For,  the  reftfling  Forces  of  all  Fluids 
are  very  nearly  as  their  Denjities . 
For  why  ftiould  not  the  fame  Quan¬ 
tity  of  Matter,  make  the  fame  Re¬ 
fiftance,  whether  it  be  divided  into 
a  great  many  very  fmall  Parts,  or 
into  a  few  large  ones  ?  Wherefore, 
if  there  were  no  Vacuum ,  it  would 
follow,  that  a  Body  moved  in  Air, 
or  in  a  Place  out  of  which  the  Air 
is  exhaufted,  would  meet  with  as 
much  Difficulty,  as  if  it  were  moved 
in  Quick- filverj  which  is  contrary 
to  Experience,  and  therefore  it  is 
evident,  that  there  is  a  Vacuum  in 
Nature,  and  (as  was  faid  before)  that 
it  is  much  the  greateft  Part. 

Since  therefore  the  Eflence  of 
Matter  does  not  confift  in  Extenfion, 
but  in  impenetrable  Solidity,  we  muft 
fay,  that  the  whole  World  is  imde 
up  of  j olid  Bodies  which  move  in  a 
Vacuum.  And  we  need  not  fear,  that 
the  Phcenomena  of  Nature  fhould  not 
be  fo  well  explained  thereby  ;  tor  the 
Explication  of  thofe  Phaenomena 
which  feem  chiefly  to  depend  upon 
a  Plenum,  viz.  The  Barometers,  the 
Flux  and  Reflux  of  the  Sea,  the  Mo¬ 
tion  of  the  Stars ,  and  of  Light,  thefe 
can  be  more  eafily  and  fully  explain-  . 
ed  upon  other  Principles  (as  ihall  be 
fhown  hereafter;)  but  as  to  the  other 
Phaenomena  of  Nature,  which  de 
pend  upon  Caufes  not  fo  general,  the 
Explication  of  them  is  the  fame  in 
our  Syftem  as  in  that  of  Cartes. 

Matter, 
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Matter,  is  the  fame  as  to  ask,  if  there  can  be  any  Matter 
without  Matter,  which  is  a  manifeft  Contradiction.  And 
it  fignifies  nothing  to  fay,  that  we  can  conceive  a  Space, 
in  which  we  fuppofe  there  is  no  Light,  Colour,  Hardnefs, 
Heat,  Weight,  in  a  Word,  in  which  we  fuppofe  there  is 
not  any  one  Quality  that  we  can  imagine  ;  for  when  this 
is  done,  and  ail  thefe  Things  denied  of  Extenfion,  it  is 
the  Accidents  only  that  are  taken  away  from  the  Thing, 
whofe  real  EfTence  is  at  the  fame  time  fuppofed. 

2 .iVbattbe  2.  And  here  v/e  fhall  not  trouble  our  felves  to  give  an 

woute  iv'if  Anfwer  to  any  one  who  fhould  put  the  following  Queftion 
God  fhould  to  us  ;  Whether  God  could  not  by  his  Omnipotence 
annihilate  make  a  Vacuum,  by  annihilating  all  the  Air  in  a  Room, 
‘dRoo> n.In  and  hindring  any  more  from  coming  in  its  Place  ?  For,  as 
we  faid  before,  it  does  not  belong  to  us  to  determine  how 
far  the  Power  of  God  can  extend  it  felf.  But  if  the  Que¬ 
ftion  be  a  little  altered,  and  we  be  only  asked,  what  we 
conceive  would  fallow,  if  God  ftiould  annihilate  all  the  Air 
in  a  Room,  and  not  fuffer  any  other  to  enter  in  its  Place  ? 
We  ftiould  return  for  Anfwer,  (not  concerning  our  felves 
with  what  would  come  to  pafs  without  the  Room,)  that 
the  Walls  -would  approach  one  another  fo  near,  that  there 
would  remain  no  Space  betwixt  them. 

3- 7 bat  the  g .  Perhaps  it  may  be  urged  by  fome,  that  the  Walls  of 

fntf (Vails  a  R°om  exift  independent  of  what  is  contained  between 
in  making  a  them,  and  confequently  that  they  might  continue  in  the 
Room,  de-  State  they  were,  without  approaching  one  another,  though 
¥b? Ext*»-  wbat  is  between  them  were  annihilated.  To  which  I 
jion  of  the  anfwer  ;  that  it  is  very  true,  that  the  Exiftence  of  the 
Matter  that  Walls  does  not  depend  upon  what  is  contained  between 
'between  '^  them  j  but  the  State  they  are  in,  or  the  Difpofition  of 
them.  them,  in  order  to  compofe  a  Room,  this  depends  upon 
Extenfion,  or  fome  Matter  which  is  between  them,  and 
confequently,  this  Extenfion  cannot  be  deftroyed  without 
deftroying  the  Difpofition  which  the  Walls  were  in  be¬ 
fore,  though  not  the  Walls  themfelves. 

4..  What  it  4.  Secondly  1  We  are  to  underhand  that  internal  Place , 
meant  by  or  the  Space  which  any  Body  poffejfes ,  ( I )  does  not  at  all  dij~ 
pIau'  fer  from  the  Body  it  felf.  And  therefore  when  we  fay  a 
Body  changes  its  Place,  we  mean  its  external  Place ,  that 
is,  with  regard  to  the  Superficies  of  other  Bodies  with  which 
ii  is  fur  rounded,  to  the  different  Parts  of  which ,  it  may  be 
differently  applied . 

(1)  Dots  not  at  all  differ,  &c. )  of  the  Fn.Tnomena  of  Nature.  For 
This  indeed  is  not  true  ;  but  it  makes  (he  true  Definition  of  Place,  See  the 
ii*  difference  as  to  the  Explication  Notes  on  Chap.  10.  Art*  2,. 

5.  Thirdly 3 
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5.  Thirdly ,  When  a  Body  appears  to  take  up  more  5*  How 
Room  than  it  did  before,  without  our  perceiving  any  Zfef-Zd  ar.d 
Matter  to  be  added  to  it,  which  is  what  we  call  Rarefac-  condenfed . 
tiony  we  conclude  ( 1 )  that  fome  very  fubtile  Matter  has 
entered  into  it,  and  diftended  its  Parts.  So  likewife, 

when  a  Body  appears  to  take  up  lefs  Room  than  it  did  be¬ 
fore,  without  our  perceiving  any  thing  to  be  taken  from 
it,  which  is  what  we  call  Condenfation ,  it  is  our  Opinion, 
that  fome  imperceptible  Matter  is  gone  out  of  its  Pores, 
and  that  by  this  means  its  Parts  approach  nearer  to  each 
other.  For  fince  Extenfion  and  Matter  are  to  us  the  fame 
Thing;  we  cannot  conceive  that  a  Body  fhould  appear 
more  or  lefs  extended,  let  the  Manner  be  what  it  will, 
but  that  it  mult  have  more  or  lefs  Matter. 

6.  And  this  does  not  hinder,  but  that  we  may  fay  with  6; In 
Arijlotle ,  that  a  rare  Body  is  that,  which  has  but  a  little  we  fay 
Matter,  and  poflefles  a  large  Space,  and  a  denfe  Body,  IS  that  a  rare. 
that  which  pofTefles  a  fmall  Space,  and  has  a  great  deal  fyed  Bady 
of  Matter  ;  or,  which  is  the  fame  Thing,  that  a  rarefy’d  Zhm^'and 
Body  does  not  acquire  any  new  Matter,  nor  a  conden-  a  condenfed 
Ted  Body  lofe  any  of  its  own.  For  this  imperceptible  Bo^y  /ofesi 
Matter  which  we  fpeak  of,  ought  to  be  considered  as  a  notoin&' 
Thing  that  is  foreign,  and  which  does  not  at  all  belong  to 

the  Body  it  enters  into,  or  comes  out  of,  when  it  is  rare¬ 
fy’d  or  condenfed.  Thus  when  Pafte  is  turned  into  Bread, 
it  is  rarefyed  before,  and  while  it  is  baking,  yet  we  don’t 
fay,  becaufe  of  this,  that  we  have  more  Bread  than  we 
had  Pafte  ;  though  it  is  vifible,  that  a  great  deal  of  Air  is 
got  into  thofe  large  Spaces  which  we  call  the  Eyes  of  the 
Bread ;  becaufe,  what  is  thus  got  in,  is  not  what  we  call 
Bread  :  So  alfo  when  we  prefs  the  Crumb  of  the  Bread 
in  our  Hand,  and  bring  it  to  a  lefs  Compafs ;  though 
we  are  fure  that  a  great  deal  of  Air  is  fqueezed  out  of  it, 
yet  we  don’t  fay  that  there  is  lefs  Crumb  than  there  was 
before  ;  becaufe  there  remains  yet  all  that  we  call 
Crumb,  and  the  Air  which  went  out  of  it,  did  not  be¬ 
long  to  it. 

7.  What  we  have  now  faid  about  Rarefaction^  may  be  7.  whence 
thought  perhaps  hardly  to  agree  with  what  we  experi-  u  is  that  a 
ence  in  a  Chefnut,  which,  when  put  upon  the  Fire, 

burfts  with  aNoife;  for  it  may  perhaps  be  imagined,  the  Fire. 


( I )  T bat  fome  •very  fubtile  Matter, 
&c  )  When  any  Body  is  rarefyed,  it 
is  often  very  manifeft,  that  its  Parts 
are  diftended  by  the  Entrance  of  the 
Air,  or  fome  more  fubtile  Matter. 
But  this  does  not  follow  from  a  Ple¬ 


num,  but  either  from  the  Liquidnefs, 
or  from  an  elaftick  Force,  or  from 
Gr«vity  and  PrefTure,  or  from  fome 
accidental  Motion  in  tint  fubtile 
Matter  which  enters  into  the  Pores 
of  the  rarefyed  Body, 


that 


'3° 


8.  That  the 
World  is 
indefinite. 


9.  That  it  is 
impojjible 
that  there 
Jhouldbema - 
ry  World*. 


lO.  That  the 
Matter  of 
the  Heavens , 
and  of  the 
Bodies  upon 
this  Earth , 
are  of  the 
fame  Kind . 
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that  the  fubtile  Matter  which  enters  through  the  Pores  of 
the  Husk  of  the  Chefnut,  may  come  out,  with  the,  fame 
eafe  as  it  enters  in,  without  breaking,  or  making  any 
Noife.  But  this  Difficulty  is  eafily  refolved,  if  we  con- 
fider,  that  it  is  not  the  foreign  Matter  that  enters  in, .  apd 
comes  out  of  the  Chefnut,  which  is  the  immediate  Caufe 
of  the  Noife ;  but  the  more  grofs  Parts  of  the  Chefnut 
it  felf,  which  are  torn  in  Pieces,  and  putin  fuch  Motion, 
( 1)  by  the  fubtile  Matter  which  enters  the  Pores  like  fo  ma¬ 
ny  little  Wedges,  that  they  break  the  Husk  with  a  Noife. 

8.  Fourthly ,  We  conclude  (2)  that  the  World,  is.  indefi¬ 
nite ,  becaufeathow  great  diftance  foever  we  fet  its  Bounds, 
it  is  impoffible  for  us  not  to  imagine  Extenfion  to  be  ftill 
beyond.  Now  Extenfion  and  Matter,  being,  as  was  faid 
before,  the  fame  Thing;  we  have  no  Notion  of  the 
World’s  being  fo  big,  but  we  can  imagine  it  to  be  ftill 
bigger. 

9.  Fifthly ,  It  is  evident,  that  though  we  can  fee  no 
Reafon  why  there  may  not  be  many  Bodies  like  to  our 
Earth,  and  capable  of  containing  many  Animals,  as  that 
does  ;  yet  it  is  impoffible  (3)  that  there  Jhould  be  many 
Worlds ;  for  this,  in  which  we  are,  poffeffes  all  that  Space 
which  we  are  able  to  conceive. 

10.  Sixthly ,  Becaufe  the  Idea  we  have  of  the  Extenfion 
of  the  Heavens  is  the  fame  as  that  of  the  Extenfion  of 
Things  here  below,  we  ought  to  think  (4)  that  they  are  of 
the  fame  Kind ;  and  it  is  no  Objection  againft  this,  to  fay, 
that  the  Extenfion  or  Matter  of  the  Heavens  is  brighter,, 
and  not  fo  mutable  as  that  of  Things  here  below,,  becaufe 
this  Difference  regards  only  the  Accidents  of  Matter,  and 
not  the  EJfence  of  it. 


(1)  By  the  fubtile  Matter,  Sec  ) 
Or  rather  by  the  included  Air, 
which  is  very  much  rarefyed  by  the 
Heat,  and  tears  the  Chefnut  in 
pieces. 

(2)  That  the  World  is  indefinite , 
&c.)  From  the  Hypothecs  of  a  Pie. 
r.um,  it  mu  ft  n>*ceffarily  follow,  that 
the  World  is  really  and  truly  infinite , 
nay,  that  it  is  uncreated  and  eternal, 
(as  was  faid  before.)  But  fince  it  is 
evident,  that  Extenfion  may  exift 
without  Matter  ;  whether  the  mate- 
rial  World  be  infinite  cr  no,  fuch  is 
the  Shortnefs  ot  humane  Undcrftand- 
ing,  that  it  cannot  certainly  be 


known  :  Therefore  it  may  very  well 
be  called  indefinite  ftill. 

(3)  That  there  jhould  be  many 
Worlds,  &c.)  It  is  evident,  that 
there  may  be  many  Earths  like  this 
Globe  of  curs ;  that  there  may  alfo 
be  many  Syftems  of  Star»  and  Planets 
difperled  through  the  vaft  |mmenfitjr 
of  Space  j  but  whether  there  be  a 
Plenum  or  no,  the  whole  Univerfe , 
which  may  properly  be  called  the 
World ,  can  of  Necefiity  be  but  one. 

(4)  7  hat  they  are  cf  the  fame  Kind , 
&c.)  This  is  equally  true,  whatever 
be  the  Eftence  of  Matter. 


1 1,  Lajlly, 
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11.  Laflly ,  We  cannot  affirm,  that  aVeffel  filled  with 
Lead  (1)  contains  more  Matter  than  if  it  were  filled  with 

Wax,  though  it  be  heavier  ;  for  Heavinefs  is  not  effential  tain  an  equal 
to  Matter,  but  only  Extenfion,  which  we  fuppofe  to  be  ^antity  °f 

1  •  1  i  Matter, 

equal  in  them  both. 

12.  That  Notion  alone  which  we  have  eftablilhed  con-  I2"  Tbatrhe 
cerning  the  Effence  of  Matter,  has  been  the  onlyPrinci-  Ma/terlfy 
pie  we  have  made  ufe  of,  to  anfwer  all  the  foregoing  Que-  make  a  Dif- 
ft ions  with  fo  much  Eafe  ;  whence  there  is  Room  to  be- 

lieve,  that  we  may  with  the  fame  Eafe  give  a  fatisfa&ory  Yrutbu 
Anfwer  to  many  more,  if  we  reafon  in  the  fame  manner 
about  any  of  its  Properties :  The  firft  that  offers  it  felf  is 
Divifibility  >  which  is  the  more  copious,  becaufe  all  its  Va¬ 
riety  of  Figures  depend  upon  it. 


(1)  Contains  more  Matter ,  &c.)  we  ccme  to  difcourfe  of  the  Nature  of 
This  is  absolutely  falfe,  as  fliall  be  Gravity, 
fully  demonftrated  afterwards,  when 


CHAP.  IX. 


Of  the  Divifibility  of  Matter. 

WHEN  we  confider  a  determinate  Portion  of  Mat-  x .  That 
ter  without  Prejudice,  and  compare  it  with  other  Matter  is 
Portions  of  Matter  with  which  it  is  encompaffed,  we  ea-  dlviflblt' 
fily  conceive  that  its  particular  Exiftence  is  wholly  inde¬ 
pendent  of  thofe  that  are  near  it,  and  that  it  does  not 
ceafe  to  be  what  it  is,  by  being  joined  or  united  to  other 
Portions  of  Matter ;  the  firft  Portion  of  Matter  there¬ 
fore  is  feparable  from  thofe  with  which  it  is  united  ;  and 
this  fhows  the  Divifibility  of  Matter  ;  and  the  Poffibility 
of  having  its  Parts  divided  into  ftill  lefier  Particles. 

2.  Indeed,  when  we  confider  the  Power  of  God,  and  2.0/Epi- 
his  abfolute  Dominion  over  all  Things  that  are  in  the 
World,  we  cannot  doubt,  but  that  he  is  able  to  make  they  art 
certain  Parts  of  Matter  of  fuch  a  Nature,  that  there  is  no  really  divi- 
Being  in  the  Univerfe  capable  of  dividing  them  ;  whence^* 
it  would  follow,  that  thefe  Parts  would  not  at  all  differ 
from  thofe  little  Bodies,  which  Epicurus  calls  Atoms  :  But 
this  Property  of  not  being  capable  of  being  divided  by  any 
external  Being,  is  arbitrary,  and  not  built  upon  any  na¬ 
tural  Principle,  but  only  upon  a  mere  Suppofition,  which 
does  not  alter  their  real  Nature;  and  therefore  we  may, 
jiotwithftanding  this,  hold  it  for  certain,  that  all  Matter 
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4.  That  the 
Number  of 
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and  that 
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indefinitely 
divifible. 
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is  divifible.  The  whole  Difficulty  in  this  Matter  is,  how 
many  Parts  a  certain  Portion  of  Matter  can  be  divided 
into.  » 

3.  In  order  to  folve  this  Difficulty,  we  muft  remem¬ 
ber,  that  all  the  Variety  that  we  can  conceive  to  be  in 
Matter,  arifes  from  the  Forms  which  diftinguifh  its  Parts 
from  each  other  ;  for  of  itfelf  it  is  perfectly  homogene¬ 
ous,  that  is,  all  alike,  being  only  a  Subitanee  extended 
into  Length,  Breadth,  and  Thicknefs  ;  wherefore  we 
cannot  but  think,  that  whatever  it  is  capable  of  in  one 
Part,  it  is  alfo  capable  of  in  all  other  Parts.  As  there¬ 
fore  we  cannot  doubt  but  that  it  is  divifible  in  fbme 
Points,  fo  alfo  is  it  divifible  in  all  the  Points  that  can  be 
affigned. 

4.  Now  that  the  Number  of  Points  which  we  can  con¬ 
ceive  in  a  determinate  Quantity  of  Matter  (an  Inch  for 
Example)  is  indefinite ;  there  are  many  Demonftrations 
in  Geometry  to  fhow,  one  of  which  I  fhall  give,  which 
feems  to  me  very  eafy.  Let  two  indefinite  Lines  AB,  CD, 
be  drawn  parallel  to  each  other,  and  at  an  Inch  diftance; 
then  the  Line  EF,  which  is  perpendicular  to  them,  and 
limited  by  them,  will  be  alfo  an  Inch  long*  Then  let 
the  Point  A,  in  the  Line  A  B,  be  taken  on  the  left 
Hand  of  the  Line  E  F,  and,  if  you  will,  at  an  Inch 
diftance  from  it,  on  the  Line  C  D  to  the  right  Hand  of 
EF,  let  as  many  Points  G,  H,  D,  &c.  as  you  pleafe  be 
taken,  and  at  any  diftance  from  each  other  5  to  which 
let  as  many  {freight  Lines  be  drawn  from  A  j  as  AG, 
AH,  AD.  Then  it  is  evident  ;  that  the  Line  AG  will 
pafs  through  the  Point  I  of  the  Line  E  F  ;  that  the  Line 
A  H  will  pafs  through  the  Point  L  which  is  higher;  and 
the  Line  AD  will  pafs  through  the  Point  M  which  is 
higher  {fill ;  and  fo  on  ;  and  becaufe  the  Line  C  D  is  in¬ 
definite,  and  an  indefinite  Number  of  Points,  fuch  as 
G,  H,  D  may  be  taken  upon  it,  it  will  follow,  that  Lines 
drawn  from  A  to  all  thofe  Points,  will  mark  an  indefinite 
Number  of  Points  on  the  Line  EF  different  from  each 
other,  and  which  approach  nearer  and  nearer  to  the  Ex¬ 
tremity  E,  without  any  one  of  them  ever  paffing  through 
the  Point  E,  becaufe  the  Line  CD  is  fuppofed  to  be  pa¬ 
rallel  to  AB.  Wherefore,  (becaufe the  Length  of  EF  was 
taken  at  pleafure,  and  the  fame  Demonlfration  holds  for 
any  other  Length  whatfoever;)  we  mult  acknowledge, 
that  an  indefinite  Number  of  Points  may  be  affigned  in 
any  determinate  Portion  of  Matter,  and  confequently  that 
Matter  is  indefinitely  divifible. 

5.  This 
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5.  This  Truth  may  alfo  be  demonftrated  from  this  Con-  5*  Another 
^deration,  that  there  are  Tome  Quantities  that  are  incom-  ^mnJiratl~ 
menfurable,  that  is,  have  no  common  Meafure.  Thus, 
fuppofe  AB  CD  to  be  a  Square,  it  may  be  geometrically  Tab.!, 
^emonftrated,  that  the  fide  AB,  is  incommenfurable  to  the  Flg* x 
Diagonal  A  C.  Let  us  then  imagine  in  our  Minds  the 

Line  A  B,  which  is  an  Inch  long,  fuppofe  to  be  divided 
into  an  hundred  Thoufand  equal  Parts,  and  every  one  of 
thefe  into  an  hundred  Thoufand  other  Parts  that  are  equal 
alfo,  and  again,  every  one  of  thefe  into  a  hundred  Thoufand 
other  Parts  equal  to  one  another  ftill;  we  may  go  on  in  the 
Divilion  thus,  for  an  Age  together,  without  ever  being 
able  to  come  at  Parts  fo  fmall,  as  to  fay,  that  the  Line 
A  C  contains  a  certain  determinate  Number  of  them  and 
no  more.  Now  this  could  not  be  fo,  if  Extenfion  were 
not  indefinitely  divifible ;  for  then  after  we  had  divided 
the  Line  AB,  for  inftance,  into  as  many  Parts  as  it  is 
poflible  for  Extenfion  to  be  divided  into,  the  Line  A  C 
would  neceflarily  contain  (1)  a  certain  determinate  Num¬ 
ber  of  thofe  Parts.  We  muft  therefore  conclude,  that 
every  Thing  which  is  extended,  and  every  Portion  of 
Matter,  is  indefinitely  divifible. 

6.  This  Conclufion  of  Arijlotle's^  hath  been  aflented  to  6.  AnOb* 
by  all  his  followers,  except  a  very  few;  and  they  depart-  ,Je£it0”  a- 
ed  from  it  only,  becaufe  they  thought  they  contradicted  *  tts 
themfelves:  For,  fay  they,  if  two  Bodies  be  fuppofed  un¬ 
equal,  and  if  they  can  be  divided  indefinitely,  it  will  fol¬ 
low,  that  the  Number  of  Parts  of  which  the  one  is  com-  - 
pofed,  is  equal  to  the  Number  of  Parts  of  which  the 

other  is  compofed ;  and  from  thence  it  will  follow,  that 
they  are  both  equal,  which  is  contrary  to  the  firft  Sup- 
pofition. 

7.  But  here  is  a  double  Miftake.  Firft,  they  did  not  7 *  An  An* 
confider,  that  Equality  and  Inequality  are  Properties  of  tbl* 
finite  Things,  which  can  be  comprehended  and  compared  J‘  '°n' 
together  by  human  Under ftanding ;  but  they  cannot  be 
applied  to  indefinite  Quantities  which  humane  Under- 
ftanding  cannot  comprehend  or  compare  together,  any 

more  than  it  can  a  Body  with  a  Superficies,  or  a  Super¬ 
ficies  with  a  Line.  But,  if  it  could  be  faid,  that  of  two 
unequal  Bodies,  divided  in  the  foregoing  Manner,  as  the 

(*)  A  certain  determinate  Num~  could  be  divided  alfo  into  them  j  fo 
her,  See  )  For  if  the  Line  that  one  of  thofe  fmalleft  Parts  w  uld 
"lab.  I.  AB  could  be  divided  into  be  the  common  Meafure  of  the  Lines 
Fig.  2.  thofefmalieft  Parts, the  Line  AB,  AC,  and  of  all  other  Lines.  ( 

A  C,  and  alt  other  Lines 
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Line  EF  was  divided,  the  Number  of  the  Parts  in  the 
One,  was  equal  to  the  Number  of  the  Parts  in  the  Other; 
we  could  not  conclude  from  thence,  ( i )  that  the  two  Bo¬ 
dies  themfelves  were  equal ;  becaufe  the  Parts  of  the  one, 
are  bigger  in  Proportion  than  the  Parts  of  the  other : 
There  is  therefore  no  Contradiction  in  this  particular,  but 
the  foregoing  Demonftration  holds  in  its  full  force. ' 
s.  Another  8.  Others  attack  the  indefinite  Divifibility  of  Matter, 
ObjeBion,  another  way  ;  by  faying,  that  it  would  from  thence  fol¬ 
low,  that  a  f  hi  all  Portion  of  Matter,  fuch  as  a  Cube,  a 
quarter  of  an  Inch  high,  might  be  divided  into  as  many 
thin  fquare  Pieces,  as  would  cover  the  whole  Globe  of 
the  Earth,  if  it  were  much  bigger  than  it  is  ;  which,  they 
think,  is  abfurd. 

9.  Anfuter,  9.  But  thefe  have  no  more  Reafon  of  their  Side  than 
the  other ;  for  their  Objedlion  is  founded  upon  this  Tingle 
Maxim  of  their  own,  That  every  thing  is  ahfurd ,  which 
our  Imagination  can't  comprehend :  This  is  a  very  grofs  Mi- 
f!ake,and  unworthy  of  a  Philofopher, who  cannot  but  know, 
tfoat  there  are  an  infinite  Number  of  Truths,  which  it  is 
certain  our  Comprehenfion  cannot  attain  to.  Many  Exam¬ 
ples  might  be  given  of  this,  but  I  fhall  content  my  felf 
with  Two,  both  which  relate  to  the  Subject  we  are  now 
treating  of,  viz.  J'he  Sheets  of  Gold  made  by  Gold¬ 
beaters,  and  the  Gold  Wire,  made  by  Wire-drawers. 

*0.  Concern -  1  o.  In  order  to  a  clear  Conception  hereof,  we  muft  firft 
ffn'o/Gold  know>  that  it  appears  by  Experience,  that  the  Weight  of 
madeby  an  equal  Quantity  of  Gold  and  Water  is  as  19  to  $,  fo 
Gold-beaters  that  if  a  Cubick  Foot  of*  Water  weighs  71  Pounds, 


(i)  That  the  two  Bodies  (hemjelvrs 
are  equal ,  &c  )  What  is  laid  of 
Quantities  decreafing  infinitely  litt  e, 
may  alio  be  underdo-  d  of  Qurntities 
increafing  infinitely  great  j  that  is, 
Quantities  infinitely  gieat,  are  not 
therefore  all  equal  to  each  other.  For 
a  Line  drawn  from  a  point  infinite¬ 
ly,  oneway,  isbu-  half  a  Line  drawn 
from  a  puint  infinitely,  two  wayc- 
And  a  Redtangle  of  an  infinite 
Heigth,  upon  a  finite  Bate,  may  be 
j.f  Sc c  of  a  Rectangle  of  an 
infinite  Height  alfo,  upm  a  propor¬ 
tionable  Bafe.  And,  in  Heterogene¬ 
ous  Quantities,  an  infinite  L:ne,  is 
not  only’  not  equal,  but  is  infinitely 
left  than  an  infinite  Superficies ;  and 
an  infinite  Supeificics,'  than  an  infi¬ 
nite  Ibiid  Space.  And  in  a  folid  Space, 
a  Cylinder  infinite  in  Length,  is  not 


only  not  equal  in  Quantity,  but  is 
really  infinitely  lels,  than  an  infinite 
lolid  fpace  of  two  Dimenfions,  vix» 
Length  and  Breadth  ;  and  an  infinite 
lolid  Space  of  two  D:menfions,  is 
infinitely  left  than  an  infinite  Space  of 
all  the  Dimeqfions.  Whence,  by  the 
way,  it  appears,  how  weakly  they 
argue,  who,  becaufe  Space  (and  the 
lame  is  true  of  Duration)  may  be  di¬ 
vided  into  innumerable  Parts  which, 
are  unequal  }  and  in  infinite  Space 
(or  Duration )  the  Number  of  the 
greateft  Parts  is  as  much  infinite  as 
that  of  the  leaft  j  which  they  think 
abfurd,  becaufe  they  believe  all  In¬ 
finites  to  be  equal  in  every  refpeit  j. 
conclude  from  hence,  that  there  can 
be  no  fisch  Thing  at  all  as  Infinite 
Space  (or  Duration.) 

(1)  a  cu- 
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(1)  acubick  Foot  of  Gold  will  weigh  r 349  Pounds  or (2) 

21584  Ounces.  (3)  Now  a  cubick  Foot  contains 
2985984  cubick  Lines,  and  therefore  ("4)  an  Ounce  of 
Gold  contains  1 3  cubick  Lines.  Wherefore  an 

Ounce  of  Gold,  reduced  into  the  Form  of  a  Cube,  will 
be  (5)  very  near  5  4  Lines  high,  and  its  Bafe  (6)  about 
264*  fquare  Lines.  This  being  fo,  the  next  Thing  to 
be  known,  is,  that  the  Gold-beaters  make  out  of  an  Ounce 
of  Gold  2730  whole  Leaves  of  34  fquare  Lines  each,  be- 
jfides  what  they  call  the  Wafte,  which  is  the  fmall  Shreds 
that  are  cut  off,  and  amount  to  almoft  half :  The  Super¬ 
ficies  of  (7)  every  one  of  thefe  Leaves  is  1156  Lines  fquare, 
fo  that  if  they  were  all  placed  regularly  by  one  another, 
they  would  (S)  make  one  Superficies  of  3155880  fquare 
Lines ;  to  which  if  we  add  (9)  but  a  third  Part,  which  is 
the  leaft  that  goes  into  Shreds,  it  will  follow,  that  a  Gold¬ 
beater  makes  out  of  an  Ounce  of  Gold  4207840  fquare 
Lines,  Now  fince  this  Superficies  (10)  exceeds  the  Bafe  of 
a  Cube  of  Gold  of  an  Ounce  weight  159092  times,  it  is 
certain,  that  That  Cube,  which,  as  was  faid  before,  did 
not  exceed  5^  Lines  in  Height,  is  divided  into  159092 
fquare  Leaves. 

11.  Though  this  Divifion  of  Gold  be  very  furprizing,  IT*  MeDi- 
yet  it  is  very  far  fhort  of  what  is  done  by  Wire-drawers. 

I  have  feen  feveral  Ingots  of  Silver  in  the  figure  of  Cy-  drawers . 
finders,  which  weighed  eight  Pounds  a  piece ;  one  of 
them,  which  feemed  to  me  more  regular  than  the  reft. 


(1)  A  cubic  Foot  of  Gold,  &c.) 
For  i :  19  : :  71  :  1349. 

(2)  Or  11584  Ounces )  For  16 
Ounces  make  a  French  Pound.  See 
P reflet. Nouvel.  Elem.  Matbemat.  3, 
Edit.  1.  part,  lib,  2.  pag.  55. 

(3)  Now  a  cubic  Foot) The  Propor¬ 
tion  between  a  Line  and  a  Foot,  is 
as  1  to  144;  nowin  this  continued 
geometrical  Proportion,  the  Number 
132985984  :  There  fore  becaufeCubes 
are  in  a  triplicate  Ratio  of  their  Sides, 
a  cubic  Line  is  to  a  cubic  Foot,  as  1 
to  2985984,  that  is,  a  cubic  Foot 
contains  2985984  Lines. 

(4)  An  Ounce  of  Gold)  A  cubic 
Foot  of  Gold,  which  weighs 21 584 
Ounces,  contains  2985984  cubic 
Lines  j  therefore  by  the  following 
Proportion,  it  is,  21584  Ounces  : 
'^9^5984  cubick  Lines  :  :  1  Ounce; 
I38T1^|  cubic  Lines. 

(5)  Very  near  5 1.  Lines  high ) 
For  the  Cube  Root  of 

V  0  L.  I. 


is  very  nearly  5-L  though  Si  is  1HH 
nearer.  For  the  Cube  of  S’b  i3 
i37T’'?  >  -And  the  Cube  of  5JL.  is 
136 — 8- 

(6)  About  26.IA  f%uare  Lines) 
For  the  Square  of  5^.  is  pretty 
nearly  26.^-i, 

(7)  Every  one  of  thefe  Leaves)  For 
the  Side  of  a  Leaf,  was  faid  before  to 
be  34  Lines,  the  Square  of  which  is 
1 1  56. 

(8)  Make  one  Superfcies)  Multiply 
1156  the  Number  of  fquare  Lines  in 
one  Leaf,  by  2730  the  Number  of 
Leaves,  ar  d  it  will  make  31  55880. 

(9)  But  a  third  Part )  To  which 
Superficies,  if  we  add  a  third  Part  of 
3155880,  thatis,  1051960  it  will 
make  4.20784.0. 

(to)  Exceeds  the  Bafe)  thatis,  the 
Superficies  420784°»  contains  the 
Bafe  of  that  Cube,  or  26^,159092 
times. 
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was  two  Foot  and  eight  Inches  long,  and  two  Inches  and 
nine  Lines  about;  fo  that  (i)  the  Cylindrical  Superficies 
was  12672  fquare  Lines.  After  this  Superficies  was  co¬ 
vered  over  with  feveral  Leaves  of  Gold,  which  ail  together 
weighed  half  an  Ounce  ;  the  whole  Cylinder  was  drawn 
through  Holes  made  in  a  Plate  of  Steel,  till  it  became 
fuch  as  the  fmalleft  Wire  that  is  made  in  this  City  i  I  took 
25  Fathom  or  150  Foot  of  it,  and  weighed  them  in  an 
exa&  pair  of  Scales,  and  found  that  they  weighed  but  36 
Grains,  wanting  about  of  a  Grain.  W herefore  ( 2  )  the 
whole  Cylinder  ought  to  have  been  drawn  into  a  Wire  of 
3  07  2  00  Foot  long:  Whence  it  follows,  ( 3 )  that  it  is  1 15200 
times  longer  than  it  was  before,  and  that  its  Superficies  is 
become  (4)  three  hundred  and  forty  times  as  much.  To 
which  if  we  add,  that  when  this  fmall  Wire  is  made  into 
a  thin  Plate,  to  cover  Silk  with,  (.5  ),the  Superficies  is  twice 

as 


(1)  Tbe  Cylindrical Superfcies)Y or 
two  Feet  and  eight  Inches  (that  is 
384  Lines)  which  is  the  Height  of 
the  Cylinder,  multiplied  by  two 
Inches  and  nine  Lines  (that  is  33 
Lines)  which  is  the  Circumference 
of  the  Bafe,  makes  12672. 

(2)  ‘ Tbe  whole  Cylinder)  Firft  let 
the  whole  Cylinder  (which,  as  was 
Laid  before,  was  $  pounds)  be  redu¬ 
ced  into  Grains. 


by  multiplyinj 


Pounds  by  l6-, 
f  which  makes  128 

Ounces. 

128  Ounces  by  8, 
which  makes  1024. 
Drachms. 

1024  Drachms  by 
3,  wh:ch  makes 
3072  Scruples. 
3072  Scruples  bv  2, 
which  makes  6144 
half  Scruples. 

6 1 44  half  Scr.  pies 
I  by  12,  which 
1  makes.  7372.8 
\-Grains. 


Then  by  the  following  Proporti¬ 
on  ;  36  Grains  :  i  co  Feet :  :  73728 
Grains :  307200  Feet. 

(3)  That  it  is  1 1  5200  times  larger) 
For  multiply  2  Feet  and  e'ght  Inches 
(which  is  the  Length  of  the  Cylinder) 
©r  32  Inches  by  1x5200,  and  it  will 
make  3686400  Inches,  that  is, 
307200  Feet  (the  length  of  the 
whole  Wire  ) 


(4)  Three  hundred  and forty  timet 
ai  much)  Let  the  whole  Cylinder  of 
Silver  which  is  to  be  drawn  into- 
Wire,  be  called.  A,  ard  fuppofe  ano¬ 
ther  Cylinder  B  of  an  equal  Bafe, 
but  1 1 5200  times  higher,  and  let 
the  Cylinder  of  Wire  be  called  C-  It 
is  manifeft  that  the  Superficies  of  the 
Cylinder  B.  and  the  Superficies  of 
the  Cylinder  A,  are  to  one  another 
as  1 1 5200  to  I,  that  is,  as  the 
Height  of  the  Cylinder  B  to  the 
Height  of  the  Cylinder  A,  that  it, 
as  the  Bale  of  the  Cylinder  A,  to  the 
Bafe  of  the  Cylinder  B,  ( for  the 
Safes  of  equal  Cylinders  are  recipro¬ 
cally  as  their  Heights)  that  is ,  as  the 
Bafe  of  the  Cylir  der  B,  to  the  Bafe 
of  the  Cylinder  C.  Now  if  we  fup¬ 
pofe,  according  to  CavalUrius' s  Doc¬ 
trine  of  Indivifibles,  that  the  Super- 
fic;es  of  Cylinders  confift  of  an  infi¬ 
nite  Number  of  Circumferences  of 
Circles  equal  to  the  Bales,  then  the 
Superficies  of  the  Cylinder  B,  will  be 
to  the  Superficies  ot  the  Cylinder  C, 
as  the  Circumferences,  or  as  the  Ra¬ 
dius’s  of  their  Bales ;  now  the  Radi¬ 
uses  are  to  one  another  in  a  fubdupli- 
cate  Ratio  of  the  Area’s  of  the  Cir¬ 
cles:  if  therefore  the  Superficies  of 
the  Cylinder  B,  beLpp.fed  1 15200, 
the.Superficies  of  the  Cylinder  C  will 
be  a  mean  Proportional  between 
215200  and  1  (that  is,  340  very 
nearly)  and  the  Superficies  of  the 
Cyiicoer  A  wi  J  be  r .  E.  D. 

(5)  The  Superficies  is  twice  as  big ) 
If  the  Cylinder  be  made  fiat,  its 

whcic 
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as  big ;  fo  that  it  then  is  encreafed  to  fix  hundred  and 
eighty  times  as  much  as  it  was  at  firft,  (6)  and  therefore 
contains  8616960  fquare  Lines.  Now  after  this  Wire  is 
made  into  fo  thin  a  Plate,  its  Superficies  is  ftill  covered  all 
over  with  Gold  ;  fo  that  only  half  an  Ounce  of  Gold 
with  which  the  Plate  is  covered,  is  made  fo  thin,  that  its 
Superficies  is  86 1 6960  Square  Lines,  (j)  Which  Super¬ 
ficies  exceeds  325795  times  the  Bafe  of  a  Cube  of  Gold 
of  an  Ounce  weight,  and  twenty  fix  fquare  Lines  and 
in  Breadth;  from  whence  it  follows,  that  the  Thicknefs 
of  the  Gold  which  the  Silver  Plate  is  covered  with,  is  not 
above  (8)  of  the  Height  or  ttttjt  of  the 

whole  Height  of  a  Cube  of  Gold  of  an  Ounce  weight ; 
fo  that  the  Quantity  of  57  Lines  is  divided  into  651590 
equal  Parts. 

1 2.  If  we  confider  further,  that  Gold  is  capable  of  be- 

ing  divided  ftill  more,  if  there  were  any  Occafion  for  it ;  gf”gtio°nTof 
and  above  all,  if  we  confider  that  what  we  have  now  ex-  the  Divijion 
amined  is  done  by  Men,  and  with  Inftruments  that  are 
very  grofs  and  dull,  and  that  there  are  in  Natare  many  f^rcmf better 
Things,  which  are  vaftly  more  fine  and  fubtile ;  we  {hall  judgement 
clearly  fee,  that  what  exceeds  our  Imagination,  is  not  °fJ^fowr 
therefore  impoffible ;  and  that  it  is  not  for  us  to  prefume,  0/ 
as  many  do,  to  fet  Bounds  to  the  Power  of  God. 

13.  Laftly,  we  are  carefully  to  obferve,  that  That  Di- y  ^ 
vifion  which  we  make  in  our  Minds  and  Imaginations, 

makes  no  Alteration  at  all  in  Matter,  but  that  all  real  without  Me * 
Divifion  arifes  from  Motion  5  that  is,  in  order  for  a  Por- 
tion  of  Matter  to  be  really  divided  from  that  to  which  it  is 
united,  it  muft  neceflarily  be  'feparated  from  it.  And 
hence  it  is,  that  Motion  is  fo  neceflary,  and  the  Knowledge 
of  it  fo  ufeful,  that  Ariftotle  fays,  that  he  who  does  not 
underftand  Motion  well,  muft  neceflarily  be  ignorant  of 
all  natural  Things. 

whole  Superficies  is  made  into  two 
Parallelograms,  which  becaufe  they 
lie  one  upon  another,  form  a  thin 
Parallelepipedon,  capable  of  being 
made  as  thin  again,  which  is  done  by 
the  Workmen,  who  beat  it  as  thin  as 
they  can,  fo  that  the  Superficies  of 
the  Cylinder  is  thereby  doubled. 

(6)  And  therefore  contains)  Multi¬ 
ply  12672,  the  Superficies  of  the 
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Silver  before  it  is  beaten, by  680,  and 
it  will  make  8616960. 

(7)  Which  Superficiei  exceeds)  di¬ 
vide  8616960  by  26.2.1  and  it  will 
make  32^79^. 

(8)  Of  half  the  Height)  Becaufe  the 
Gold  with  which  the  Silver  Wire  is 
covered  wason'y  half  an  Ounce,  that 
is,  half  a  Cube  of  Gold  of  an  Ounce 
Weight. 
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CHAP.  X. 

Of  Motion  and  Reft . 

BECAUSE  it  is  eafier  to  underftand  what  Motion 
is,  by  Experience,  than  to  give  a  Definition  of  it, 
or  to  find  out  the  Caufe,  I  fhall  here  rfta^e  ufe  of  a  fa¬ 
miliar  Example,  agreed  upon  by  all,  which  may  ferve  to 
explain  to  us  the  Nature  of  Motion. 

r.  Suppofe  a  Man  in  a  calm  day  walking  on  Foot  in 
a  Park  planted  with  Trees,  and  that  at  the  Beginning  he 
is  obferved  to  be  between  the  firffc  'Frees  in  the  Walk, 
and  then  between  the  Second,  and  fo  to  continue  on 
walking  till  he  comes  at  the  End  ;  no  Body  doubts  but 
the  Man  thus  walking  moves,  and  that  every  Step  he  takes 
is  a  real  Motion.  Confider  now,  that  the  Motion  of 
this  Man  is  fomething  new,  which  was  not  in  him  be¬ 
fore  5  and  then  if  we  take  an  exadt  Account  of  what  we 
conceive  to  have  come  to  him  fince  he  began  to  be  mo¬ 
ved,  and  rejedf  every  Thing  which  we  certainly  know  is 
not  Motion,  we  are  fure  that  what  remains,  is,  without 
doubt,  the  Thing  we  enquire  after,  and  that  this  will  (how 
wherein  Motion  properly  confifis. 

2.  Now  becaufe  we  do  not  acknowledge  a  Vacuum^  as 
Democritus  and  Epicurus  did,  therefore  we  cannot  fay  with 
them,  that  this  Man  which  we  are  fpeaking  of,  applies 
himfelf  to  different  Parts  of  Space,  becaufe  we  do  not 
diffinguifh  Space  from  Matter  as  they  did  ;  wherefore  in 
the  Example  now  mentioned,  there  are  three  Things  to 
be  confidered  by  us.  Firff,  The  Defire  of  walking  in 
the  Man :  Secondly,  the  Effort  he  makes  to  put  this 
Defire  in  Execution :  And  Thirdly,  The  Correfpondence, 
or  the  fucceftive  Application  of  the  external  Parts  of  this 
Man,  to  the  different  Parts  of  the  Bodies  which  enconi- 
pafs  him,  and  immediately  touch  him.  Now  it  is  evi¬ 
dent,  that  the  Defire  which  this  Man  has,  is  not  the  Mo¬ 
tion  of  him  ;  for  Defire  is  nothing  but  Thought,  and  we 
acknowledge  many  Things  to  be  moved,  which  we  do 
not  allow  to  have  any  Thought,  So  likewife  we  ought  not 
to  think,  that  the  Motion  of  the  Man  confifts  in  the  Ef¬ 
fort  which  he  makes. towards  Walking:  For  though  we 
may  truly  fay,  that  all  Bodies  which  move,  have  an  Ef¬ 
fort  (as  we  know  they  fometimes  have,  though  they  do 
not  move)  yet  we  are  rather  to  think,  that  this  Effort  of 
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the  Caufe  of  the  Motion,  and  not  the  Motion  it  felf. 
Nothing  therefore  remains  but  that  Motion  confijls  in  the 
( i )  fuccefjive  Application  of  a  Body  to  the  different  Parts  of 
thofe  Bodies  which  are  immediately  about  it ;  whence  4t 
follows  alfo,  that  the  Rcjlfif  a  Body ,  is  the  continual  Appli¬ 
cation  of  that  Body  to  the  fame  Parts  of  thofe  Bodies  which 
are  about  it  and  immediately  touch  it. 
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(l)  Succejpve  Application ofi  a  Bo¬ 
dy,  See.)  The  Difpute  about  the  Na¬ 
ture  and  Definition  of  Motion ,  a- 
mongft  the  Writers  of  Philofophy, 
has  always  been  very  perplexed-  I 
fuppole,  becaufe,  not  fufficiently  at¬ 
tending  to  the  different  Senfes  of  an 
ambiguous  Word,  they  endeavoured 
to  comprehend  that  in  one  Definiti¬ 
on,  which  ought  to  have  been  very 
exaftly  diftinguilhcd  into  its  differ¬ 
ent  Parts.  That  Motion  (or  rather 
the  Effeft  of  Motion)  in  general, 
is  a  Tranjlation  of  a  Body  from  one 
Place  to  another ,  is  pretty  well  a- 
greed  amongft  them  all.  But  what 
is  meant  by  being  tranfated from  one 
place  to  another ,  here  the  Contro- 
verfy  lies,  and  Philofophers  differ 
widely.  They  who  define  Motion  by 
comparing  theThingwhich  is  moved, 
not  with  theBodies  that  encompafs  it, 
but  only  with  Space  which  is  im¬ 
moveable  and  infinite,  can  never 
know  or  underftand,  whether  any 
Body  at  all  refts,  nor  what  the  abfo- 
iute  Celerity  of  thofe  Bodies  that  are 
moved  isj  for  befides, that  this  whole 
Globe  of  the  Earth  revolves  about 
the  Sun,  it  can  never  be  known  whe¬ 
ther  or  no  the  Center  of  this  whole 
Syftem,  in  which  all  the  Bodies  re¬ 
lating  to  us  is  contained,  refts,  or  is 
moved  uniformly  in  a  ftreight  Line. 
Again,  they  who  define  Motion,  by 
comparing  the  Thing  which  is  mo¬ 
ved,  not  with  infinite  Space,  but  with 
-other  Bodies,  and  thofe  at  a  very  great 
Diftance,  thefe  neceffarily  make 
fome  Body  the  Mark  by  which  all 
Motion  is  to  be  meafured  $  which, 
whether  it  felf  is  at  reft,  or,  with  ref- 
pe£t  to  Bodies  at  a  ftill  greater  di¬ 
ftance,  is  moved,  is  impoflible  to  be 
known  likewife.  Laftly,  They  who 
define  Motion  by  comparing  the 
Thing  which  they  fay  is  moved,  not 
with  diftant  Bodies,  but  only  with 
that  Superficies  which  immediately 
touches  it  }  it  is  very  weak  in  them 
to  fay,  that  thofe  Things  are  truly 

at  reft,  which  being  connected  with 
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the  Particulars  of  other  Bodies,  are 
moved  with  the  greateft  Swiftnefsj 
as  the  Globe  of  the  Barth  whch  is 
incompaffed  with  Air,  and  revolves 
about  the’Sun.  And  on  the  contra¬ 
ry  $  that  they  only  can  be  faid  to  be 
moved,  that  with  the  utmoft  Force, 
and  Refinance  which  they  can  make, 
can  do  no  more  than  ba»e!y  hinder 
themfelves  from  being  carried  along 
with  other  Bodies,  as  Fifties  which 
ftrive  againft  the  Stream. 

But  if  we  rightly  diftinguifli  the 
different  Senfes  of  the  ambiguous 
Word,thir  whole  Mift  will  immedi¬ 
ately  vanifti.  For  a  Thing  in  Mo¬ 
tion,  may  be  confide^ed  in  three 
Refpe&s  i  by  comparing  it  with  the 
Parts  of  infinite  and  immoveable 
Space,  or  with  Bodies  that  furraund 
it  at  a  diftance ,  or  with  that  Super¬ 
ficies  which  immediately  touches  it. 
If  thefe  three  Confutations  be  ex¬ 
actly  diftinguiihed  into  their  feveral 
Parts,  all  future  Dilputes  about  Mo¬ 
tion  will  be  very  eafy.  Firft  then, 
a  Thing  in  Motion  may  be  compared 
with  the  Parts  of  Space  :  And,  be¬ 
caufe  the  Parts  of  Space  are  infinite 
and  immoveable,  and  cannot  under¬ 
go  any  Change  like  Matter  $  therefore 
that  Change  of  Situation,  which  is 
made  with  re  pe<ft  to  the  Parts  of 
Space,  without  any  regaid  had  to 
theBodies,  wh:ch  encompafs  it,  may 
rightly  be  called,  alfolutely  and  truly 
proper  Motion.  Secondly,  a  Thing 
in  Motion  may  be  compared  with 
diftant  Bodies,  and  becaufe  a  Body 
may  in  this  manner  be  transferred 
along  with  other  Bodies  which  im¬ 
mediately  furround  itj  therefore  that 
Change  of  Situation  which  is  made 
with  refpedt  to  thofe  Bodies  which 
are  at  a  diftance,  and  not  to  thofe 
which  are  near,  may  properly  be 
called  ,  relatively  common  Motion . 
Laftly,  a  Thing  in  Motion,  may  be 
compared  with  theSuperficies  of  thofe 
Bodies  which  immediately  touch  its 
And  becaufe,  whatfoever  is  thus  mo¬ 
ved,  may  pofljbiy  have  no  abfolute 
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3.  In  order 

to  dtfe-mine 
whether  a 
Body  he  in 
JHotion  or  no, 
there  is  no 
need  of  com  • 
paring  it 
•with  Bodies 


3.  It  is  to  be  obferved  here,  that  when  We  fpeak  of 
Motion  or  Reft,  we  always  mean  an  immediate  Applica¬ 
tion,  and  have  no  Regard  to  the  Relation  a  Body  ftands 
in  to  Things  at  a  diftance,  any  further  than  to  confide  r 
fuch  fort  of  Relation  as  a  mere  external  Denomination 

only 


at  a  dijlunce.  or  common  Motion  at  all  (as  if  an 
Arrow  were  fhot  towards  the  Weft, 
with  the  fame  SwKtnefs,  that  the 
Earth  turns  towards  the  Eaftj)  and 
on  the  contrary,  that  which  in  this 
refpeft  is  at  reft,  may  really  be 
transferred  with  both  abfolute  and 
common  Motion  (as  Bodies  hid  in  the 
\  Bowels  of  the  Earth)  therefore  that 

Change  of  Situation  which  is  made 
with  refpedt  to  thofe  Superficies, 
which. immediately  touch  the  Thing 
moved,  may  rightly  be  called  Motion 
relatively  pref  er 

Firft,  Absolutely  and  truly  proper 
motion,  is  the  Application  of  a  Body , 
to  the  different  parts  of  infinite  and 
immoveable  Space .  And  this  is  in¬ 
deed  alone  abfolute  and  proper  Mo¬ 
tion,  wbici^is  always  generated  and 
changed  by  the  Forces  impreffed  up¬ 
on  the  Body  that  is  moved,  and  by 
them  only  and  to  which  alone  are 
owing  the  real  Forces  of  all  Bodies  to 
move  other  Bcdies  by  their  impuife, 
and  to  which  they  are  in  proportion 
( See  Newt.  Princip.  Book  I.  Def. 
2,—  8.)  But  this  only  true  Motion 
cannot  be  found  out  or  determined 
by  us,  nor  can  we  diftingui/h  when 
two  Bodies  any  way  ftrike  againft 
each  other,  which  the  true  Motion , 
and  confequently  the  true  Force 
from  whence  that  Impuife  arifes, 
belongs  to ;  whether  to  that  which 
feems  to  us  to  move  fwifteft,  or  to 
♦hat  which  moves  floweft,  or  per¬ 
haps  feems  to  be  quite  at  reft  ;  be- 
caufe  it  cannot  bedemonftrated  whe¬ 
ther  the  Center  of  Gravity,  as  was 
faid  before,  or  of  the  whole  Syftem 
(which  we  may  properly  enough  de¬ 
fine  to  be,  One  Point  in  Infinite 
Space,)  be  at  reft  or  no. 

Second  \y, Mot  ion  relatively  common^ 
is  the  Change  of  Situation  which  is  ' 
made  with  refpeEl ,  not  to  tbofe  Bodies 
which  are  nearefi,  but  to  feme  that  are 
at  a  diftar.ce.  And  this  fort  of  Motion 
we  mean,  when  we  fay,  that  Men, 
and  Trees,  and  the  Globe  of  the 
Earth  itfclf  revolve  about  the  Sun  : 
And  wo  mean  this  Motion  aifo, 


when  we  confider  the  Quantity  of 
Motion,  or  the  Force  of  a  Body  in 
Motion  to  ftrike  againft  any  Thing. 
For  Example,  when  a  Ball  of  Wood, 
with  a  piece  of  Lead  in  it  to  make 
It  heavy,  is  thrown  out  of  our  Hand, 
we  commonly  reckon  the  Quantity 
of  Motion,  or  the  Force  with  which 
the  Bail  ftrikes,  from  the  Celerity  of 
the  Ball,  and  the  Weight  of  the  in¬ 
cluded  Lead  together.  I  fay  we  com¬ 
monly  reckon  it  fo,  and  indeed  truly, 
wi?h  refpedfc  to  the  Force  itfelf,  or 
any  fenfible  Effect  of  it ;  but  whe¬ 
ther  that  Force  or  true  Motion  be 
really  in  the  Ball  that  ftrikes,  or 
in  the  Earth  which  feems  to  be 
ftruck  ;  this,  as  was  faid  before, 
we  cannot  certainly  determine. 

Laftly,  Motion  relatively  proper ,  it 
the  fuccejjive  Application  of  a  Body  to 
the  dijjerent  Parts  of  Bodies  which 
immediately  touch  it.  And  this  i» 
the  Motion  we  generally  mean  in 
Philofophical  Difputes,  where  we  en¬ 
quire  into  the  Nature  of  particular 
Things,  as  when  we  fay,  that  Heat 
or  Sound,  or  Liquidnels,  confift  in 
Motion.  But  particular  Notice  ought 
to  be  taken,  that  the fucceffive  Appli¬ 
cation  of  a  Body,  is  fo  to  be  under- 
ftood,  that  it  is  to  be  applied  fuc- 
ceffireJy  to  the  different  Parts  of  the 
Bodies  immediately  touching  it,w itb 
its  whole  Superficies  taken  together 
( par  tout  cequ'il  a  d' exteri  eur ,  as 
the  French  expreffes  it  5  )  as  when  a 
Ball  that  is  thrown,  glides  againft 
the  different  Parts  of  the  Air  with 
its  whole  Superficies  j  and  when  our 
Hand  is  moved  up  and  down,  it  is 
fucceflively  applied  with  its  whole 
Superficies,  to  the  d'fterent  Parts  of 
the  Air  on  the  one  Side,  and  of  the 
Joint  by  which  it  is  faftned  to  the 
Body  on  the  other  Side.  It  was  to 
no  purpofe  therefore  for  Mr.  Le  Clerc 
to  find  fault  with  this  Definition, 
in  his  Phyf.  lib.  5.  Chap.  5.  It  will 
follow,  fays  he,  that  the  Banks  and 
the  Channel  of  the  River  are  at 
much  moved  as  the  Water,  becavj'e 
they  are  at  far  removed  from  the 
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only,  which  makes  no  Alteration  in  the  Thing,  and  which 
is  nothing  real  in  the  Subject  under  Confederation.  Thus, 
the  Man  whom  we  fuppofe  walking  amongft  the  Trees, 
may  alfo  keep  at  the  fame  diftance  from  the  fame  Parts  of 
the  Water  that  runs  in  a  Canal  juft  by,  and  yet  we  don’t 
fay  that  he  is  at  reft ;  and  another  Perfon  fitting  in  the 
Walk,  may  be  againft  different  Parts  of  the  Water,  and 
yet  we  don’t  fay  that  he  is  in  Motion.  Whence  it  follows, 
that  they  are  very  much  miftaken,  who,  in  order  to  de¬ 
termine  whether  a  Body  be  at  Reft,  or  in  Motion,  com¬ 
pare 


Water  that  runs  by,  as  the  Water  is 
from  the  other  Parts  of  the  Channel 
and  Banks.  But  the  Cafe  of  the  Wa¬ 
ter  is  very  different  from  that  of  the 
Banks.  The  whole  Superficies  of 
the  Water  is  fucceffively  applied  to 
different  Parts  of  the  Bodies  which 
furround  it,  and  immediately  touch 
it,  and  therefore  is  transferred  from 
fome  of  thofe  furrounding  Bodies  to 
ethers.  But  the  Banks  are  partly  fix¬ 
ed  to  the  Earth,  and  therefore  are 
not  transferred  from  thofe  Bodies 
which  immediately  furround  them. 
For  when  we  fay,  that  a  Body  is 
transferred,  we  mean  that  the  Whole 
of  it  is  transferred.  Wherefore  an  I- 
fland  flicking  up  in  the  middle  of  a 
River,  is  not  moved  (not  fo  much  as 
with  this  mere  relative  Motion )  tho’ 
the  Water  Aides  by  it#  becaufe  it  is 
firmly  fixed  in  the  Earth,  and  is  not 
transferred  from  that  which  imme¬ 
diately  touches  it.  So  a  Body  equal¬ 
ly  poifed  in  a  Liquor  whofe  Parts 
run  upon  it  with  equal  Force,  is  not 
moved  $  becaufe  though  every  par¬ 
ticular  Part  of  the  Superficies  of  it 
be  every  Moment  applied  to  diffe¬ 
rent  Parts  of  the  Liquid  that  fur- 
rounds  it,  yet  the  whole  Superficies 
of  it  is  not  transferred  at  once  from 
the  concave  Superficies  of  the  Parts 
which  furround  it,  confidered  as  one 
whole  Superficies- 

Further,  according  to  thefe  diffe¬ 
rent  Definitions  of  Motion ,  are  we  to 
underftand  the  Word  Place  in  dif¬ 
ferent  Senfes.  For  when  we  fpeak 
of  truly  or  abfolutely  proper  Motion 
(or  Rejl  j  )  then  by  Place  we  mean, 
that  Part  of  infinite  and  immoveable 
Space  which  the  Body  pojfejfes  5  when 
we  fpeak  of  Motion  relatively  com¬ 
mon,  then  by  Place  is  meant,  a  Part 
of  feme  particular  Space  or  moveable 
Dimenfion>  which  Place  itfelf  is 


truly  and  properly  moved,  along  with 
that  which  is  placed  in  it :  And  when 
we  fpeak  of  Motion  relatively  proper 
(  which  indeed  is  very  improper  ) 
then  by  Place ,  js  meant  the  Superfi. 
cies  of  the  Bodies  (or  fenfible  Spaces) 
which  immediately  furround  the  thing 
moved.  As  to  the  Definition  of  Reft , 
all  are  very  well  agreed  in  it  :  But 
whether  Reft  be  a  mere  privation  of 
Motion,  or  any  Thing  pofitive,  this 
is  fharply  difputed.  Cartes  and  fome 
others  contend,  that  That  which  is 
at  Reft,  has  fome  kind  of  Force,  by 
which  it  continues  at  Reft,  and 
whereby  it  refills  every  Thing  that 
would  change  its  State  ;  and  that 
Motion  may  as  well  be  called  a  C ef- 
fation  of  Reft,  as  Reft  is  a  Ceffation 
of  Motion.  Malebrancb  in  bis  En¬ 
quiry  after  Truth,  Book  6.  Chap.  9. 
and  others,  contend  on  the  contraiy, 
that  Reft  is  a  mere  privation  of 
Motion  j  their  Arguments  may  be 
feen  briefly  explained  in  Mr.  Le 
Cltrc't  Pbyf.  Book  5.  Chap.  5.  One 
Thing  only  I  would  obferve  by  the 
way,  relating  to  this  Matter,and  that 
is,  that  Malebrancb  and  Mr.  Le 
Clerc,  who  follow  his  Opinion,  in 
the  following  Argument,  beg  the 
Queftion.  Suppofe,  fay  they,  a  Ball 
at  reft  j  fuppofe  that  God  Ihould  ceafe 
to  Will  any  Thing  concerning  it  ; 
what  would  be  the  Confequence  ? 
It  would  be  at  reft  Hill.  Suppofe  it 
be  in  Motion  j  and  that  God  Ihould 
ceafe  to  Will  that  it  Ihould  be  in 
Motion,  what  would  follow  then  ? 
It  would  not  be  in  Motion  any  lon¬ 
ger.  Why  not  ?  Becaufe  the  Force, 
whereby  the  Body  in  Motion  continu¬ 
ed  in  the  State  it  was,  is  th z  pofitive 
Will  of  God,  but  that  whereby  it  is 
at  Reft  is  only  privative  :  This  is  a 
manifeft  begging  of  the  Queftion.  In 
reality,  the  Force  or  Tendency  by 

which 
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4..  Are- 
markable  In- 
fiance  of  a 
Body  in  Mo¬ 
tion ,  and  of 
another 
Body  atRefi. 


5,  That  to 
refid  fome 
fort  of  Mo¬ 
tion,  is  to 
move  to¬ 
wards  the 
contrary 
Rart, 

6.  That 
Motion  and 
Reft  are  only 
Modes  of  cx- 

tfi'ng,  and 

are  each  of 
them  but 
Accidents  of 
Matter, 


pare  it  with  immoveable  Parts  which  they  imagine  to  be 
beyond  the  Heavens,  where  it  is  very  uncertain,  whether 
there  be  any  Parts  of  Matter  more  immoveable  than  thofe 
near  us. 

4.  Having  thus  explained  the  Nature  of  Motion  and 
Reft  ;  when  we  fee  a  Fiih  in  the  River  keeping  it  felf  for 
fome  time  right  againft  the  fame  Part  of  the  Bank,  and 
neither  the  Stream  which  furrounds  it,  carrying  it  down¬ 
ward,  nor  its  own  Force,  by  which  it  ftrives  againft  the 
Stream,  carrying  it  upward,  we  fay  that  it  is  really  in 
Motion ,  becaufe  it  really  agrees  in  every  particular,  with 
another  in  a  Pond,  which  is  by  all  allowed  to  be  m  Mo¬ 
tion  ;  for  the  Effort  of  the  Former,  makes  it  to  be  fuc- 
ceftively  applied  to  the  different  Parts  of  the  Running 
Stream,  in  the  fame  manner,  as  the  Effort  of  the  Latter, 
makes  it  to  be  applied  to  different  Parts  of  the  Water  in 
the  Pond.  On  the  contrary,  when  we  fee  a  Stake  float¬ 
ing  on  the  Water,  and  carried  along  with  the  Stream,  we 
fay  that  it  is  at  Reft ,  becaufe  it  is  incompaffed  with  the 
fame  Parts  (which  is  the  general  Reafon  why  we  fay  a  Bo¬ 
dy  is  at  Reft)  though  at  the  fame  time,  the  Stake  and  the 
River  together,  are  but  one  Thing  in  Motion. 

5.  When  a  Fiih  that  moves  itfelf  in  the  manner  now 
defcribed,  is  not  carried  along  with  the  Stream,  we  are 
ufed  to  fay,  that  it  refills  the  Stream  ;  fo  when  a  Body  by 
its  Refiftance,  hinders  itfelf  from  being  carried  along  with 
another  Body  with  which  it  is  entirely  furrounded,  we 
may  as  well  fay,  that  it  moves  the  contrary  way. 

6.  Becaufe  we  cannot  conceive  any  Application  to 
different  Parts,  without  fuppofing  a  Body  fo  applied,  fo 
that  Motion  depends  neceffarily  upon  the  Thing  moved ; 
therefore  we  are  not  to  think  that  Motion  is  any  real  Being, 
but  only  a  Mode  of  the  Body  in  Motion  ;  and  fo  likewife, 
that  Reft  is  only  a  Mode  of  the  Body  which  is  at  Reft. 
Whence  it  follows,  that  Motion  and  Reft  add  nothing 
more  to  the  Body  in  Motion  or  at  Reft,  than  Figure  does 
to  a  figured  Body ;  and  fince  a  Body  may  either  be  moved 


which  Bodies,  w  hether  in  Motion  or 
at  Reft,  continue  in  the  State  in 
which  they  once  are  ;  is  the  mere 
Inertia  of  Matter  5  and  therefore  if 
it  could  be,  that  God  fhould  foibear 
willing  at  ail  $  a  Body  that  is  once 
in  Motion,  would  move  on  for  ever, 
as  well  as  a  Body  at  Reft,  continue 
at  Reft  for  ever.  And  the  Effect  of 
this  Inertia  of  Matter  is  this  s  that 


all  Bodies  re  lift  in  proportion  to  their 
Denfity,  that  is,  *0  the  Quantity  of 
Matter  contained  in  them ;  and 
every  B  dy  ftriking  upon  another 
with  a  given  Velocity ,  whether  that 
other  be  greater  or  lefs,  moves  it  in 
proportion  to  the  Denfity  or  Quantity 
of  Matter  in  the  one,  to  the  Den¬ 
fity  or  Quantity  of  Matter  in  the 
other. 


or 
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or  not  moved  ;  we  conclude,  that  Motion  and  Reft  are 
only  accidental  to  Matter. 

7 .  Motion  has  always  been  acknowledged  to  be  a  Spe-  7*  t0 
cies  of  Quantity,  which  is  meafured  partly  by  the  Length  ^ZZty/f 
of  the  Line,  which  the  Body  in  Motion  runs ;  for  Ex-  Motion. 
ample,  when  a  Body  of  a  given  Bignefs,  fuppofe  a  Cubic 

Foot,  moves  a  given  Space,  fuppofe  Jixty  Foot ,  we  call  this 
a  determinate  Quantity  of  Motion,  and  it  is  twice  or  thrice 
as  much,  if  the  fame  Body  runs  120  or  180  Feet. 

8.  It  is  alfo  partly  meafured  ( 1 )  by  the  Quantity  of  Mat-  S.  Another 
ter  which  moves  together:  For  Example,  If  a  Body  of 

two  Cubic  Feet  runs  thro’  a  Line  Jixty  Foot  long,  it  has  twice  'Quantity  of 
as  much  Motion,  as  a  Body  of  one  Cubic  Foot ,  winch  runs  Motion. 
through  the  fame  Line:  For  it  is  evident,  that  we  ought 
to  reckon  as  much  Motion,  in  each  half  of  the  Body  of 
two  Feet,  as  in  the  whole  Body  of  one  Foot. 

9.  Whence  it  follows  manifeftly ;  that  in  order  for  9.  How  two 
unequal  Bodies  to  have  equal  Quantities  of  Motion,  the  uJZTm  B°~ 
Lines  which  they  run  through,  ought  to  be  in  reciprocal  “ZvTe/ai 
Proportion  to  their  Bulk.  Thus,  if  one  Body  be  three  Quantities 
times  as  big  as  the  other,  the  Line  which  it  runs  through,  °J  M^on. 
ought  to  be  but  a  third  Part  of  that  of  the  other. 

1  o.  When  two  Bodies  hung  at  the  Ends  of  a  Balance  to.  How 
or  Leaver,  are  to  one  another,  in  reciprocal  Proportion  B°fjhe 
to  their  Diftances  from  the  fixed  Point  ;  they  muft  ne-  End**/ a 
ceftarily,  when  they  are  moved,  defcribe  Lines  which  are  Baiiance 
to  each  other,  in  reciprocal  Proportion  to  their  Bulks, 

For  Example :  If  the  Body  A  be  three  times  as  big  as  the  Tab1.1/.10' 
Body  B,  and  thefe  Bodies  be  fo  faftned  to  the  Ends  of  the  Fig.  3. 
Leaver  AB,  whofe  Point  C  is  fixed,  that  the  Diftance  BC 
be  three  times  as  much  as  the  Diftance  AC,  the  Leaver 
cannot  incline  either  to  the  one  Side  or  the  Other,  but 
the  Space  BE  along  which  the  lefler  Body  is  moved,  will 
be  three  times  as  much  as  the  Space  AD  along  which 
the  greater  Body  is  moved  ;  wherefore  the  Motion  of  the 


(i)  By  the  Quantity  of  Matter) 
That  is,  of  the  Matter  which  be¬ 
longs  properly  to  the  Body  in  Motion} 
For,  the  fubtile  Matter,  if  there  be 
any  fuch  Thing, with  which  the  fmail 
Pores  of  terreftrial  Bodies  are  filled, 
is  not  transferred  along  with  them, 
with  the  fame  common  Motion  j 
Therefore  if  a  Ball  of  Iron,  and  a 
Ball  of  Wood  of  the  fame  Bignefs 
be  moved  with  the  fame  Celerity, 
there  will  be  more  Motion  in  the 
Ball  of  Iron,  than  in  that  of  Wood. 
So  likewife,  if  two  equal  leaden 


Balls,  the  one  folid,  the  other  hollow 
and  empty,  be  moved  with  the  fahae 
Celerity }  the  folid  Ball  will  have 
more  Motion  than  the  hollow  One, 
and  will  ftrike  a  Bodyagainft  which 
it  is  thrown  with  greater  Force.  And 
the  Quantity  of  Matter  which  is  pro¬ 
perly  contained  in  any  Body  is  to  be 
determined  by  its  Weight.  Where¬ 
fore  the  Quantity  of  Motion  is  not 
to  be  meafured  by  the  Celerity  and 
Bignefs,  but  by  the  Celerity  and 
Weight  of  the  Body  in  Motion  j 
which  is  carefully  to  be  obferved. 

one 
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one  Body,  will  be  exa&ly  equal  $o  the  Motion  of  the 
Other.  This  being  fo,  there  is  noReafon  to  think,  that 
the  Body  A,  with  four  Degrees,  fuppofe,  of  Motion 
downwards,  lhould  lift  up  the  Body  B  with  four  Degrees 
of  Motion,  rather  than  the  Body  B  with  four  Degrees  of 
Motion  tending  downwards  alfo,  lhould  lift  up  the  Body 
A  with  four  Degrees  of  Motion ;  wherefore  we  ought  to 
think  that  they  will  be  in  aquilibrio.  ( i )  And  this  is 
the  Foundation  of  Mecbamcks. 

ii.  •The  1 1.  So  likewife  when  any  heavy  Liquor  is  contained  in 
Reafon  *vby  an  inverted  Siphon,  whofe  Tubes  are  wider  one  than  the 

^alcelacb"  ot^er »  ^  we  imagine  the  Height  of  the  Liquor  in  each 
other .  T ube  to  be  divided  into  a  great  many  equally  thin  Planes, 

one  of  thefe  Planes  in  either  Tube,  cannot  by  linking 
raiie  the  Liquor  in  the  other  Tube,  but  the  Sinking  an4 
the  Rifing  muft  be  in  reciprocal  Proportion  of  the  Quan¬ 
tity  of  Parts  which  fink  to  thofe  which  rife.  Thus,  if 
Tab.  i.  the  Width  of  the  Part  AB,  the  larger  Tube  of  the  Si- 

flg'  4‘  phon  ABCD,  be  a  hundred  times  as  much  as  the  Width 

of  the  Part  C,  the  ftraiter  T ube  ;  and  confequently,  the 
Quantity  of  the  Parts  of  the  Liquor  in  the  Plane  AB,  a 
hundred  times  as  many  as  the  Quantity  of  Parts  in  the 
Plane  C ;  then  the  Rifing  or  Sinking  of  the  Parts  on  the 
Side  AB,  will  be  to  the  Rifing  and  Sinking  of  the  Parts  on 
the  Side  C,  in  a  centuple  reciprocal  Proportion :  Where¬ 
fore  the  Motion  of  all  the  Parts  in  the  Tube  AB  is  ex- 
a&ly  equal  to  the  Motion  of  all  the  Parts  of  the  Tube  C. 
So  that  they  in  the  one,  are  no  more  able  by  linking,  to  raife 
thofe  in  the.other,  than  thefe  Latter  are  able  by  finking 
to  raife  the  Former.  Whence  it  follows,  that  if  each 
Tube  be  divided  into  an  equal  Number  of  Planes,  that 
is,  if  the  Liquor  be  of  an  equal  Height  in  them  both, 
(2)  it  muft  keep  it  felf  in  aquilibrio ,  unlefs  difturbed  by 
feme  external  Caule*  12,  Since 


(1)  And  this  is  the  Foundation  of 
Mechanicks)  Upon  this  is  built  that 
famous  Problem  of  Archi- 
Tab.  I.  mideSy  A o$  7T0V  fCO  (C1  Tij  V 
Fig.  3’  yw  Ktvqcra,  ‘To  move  a  gi¬ 
ven  Weight  with  a  given 
Force  :  For  by  increaling  the  D:- 
ftance  CB,  the  Force  of  the  Body  B 
may  be  increafed  infinitely.  For  the 
manner  how  this  is  done  by  increa¬ 
ling  the  Number  of  Leavers,  Wheels , 
Pulleys,  Scrtivs,  Sc c.  See  Wilkin  s 
Mathematical  Magici ,  and  others. 
The  Force  of  every  one  of  which 
Mechanici  Power sf  and  whence  it  a- 


rifes,  is  fully  explained  below  in  the 
Notes  on  the  14th  Chap.  Artie,  g. 

(l)  It  mud  keep  it  felf  in  aequili¬ 
brio)  Hence  it  follows,  Pbat  all  Li¬ 
quors  prefs  upon  Bodies 
that  are  under  them.  Tab.  XVII* 
according  to  their  per-  Fig.  I, 
pendicular  Height ,and 
not  according  to  their  Breadth.  Which 
Paradox  may  alfo  be  demon ftra ted  in 
the  following  Manner.  Let  ABCDFE 
be  a  Veflel  filled  with  Water :  Now 
becaufe  the  Column  BF  is  heavier 
than  the  Column  HG,  itismanifefi, 
that  if  the  VefTel  were  open  at  H, 
the  Column  CH  would,  rife  till  it 

became 
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1 2.  Since  it  is  only  the  Eflential Properties  of  any  Sub-  ri.  That 
je&,  which  can  be  deduced  from  the  Eflence  of  it  after  God  11  tbe 
it  is  known  5  it  is  to  no  Purpofe  for  us  to  endeavour  AW* 
find  out  how  Motion  could  be  firft  produced  in  Bodies, 
becaufe  this  is  not  an  eflential  Property  ;  we  (hall  not 
therefore  ftand  to  argue  upon  this  Subjea  :  But  as  we 
own  God  to  be  the  Creator  of  Matter,  fo  likewife  we 
own  him  to  be  the  firft  Mover  of  it.  13.  But 


became  in  aequilibrio  with  the  Co¬ 
lumn  BF.  Since  therefore  the  Co¬ 
ver  which  (huts  up  the  Veflel  at  H, 
hinders  the  Column  GH  from  riling, 
it  is  evident,  that  the  Water  at  H 
prefles  the  Cover  of  the  Veflel  up¬ 
wards  with  a  Force  equal  to  the 
Weight  of  BL  j  and  becaufe  all  Pref- 
fure  is  reciprocal,  it  is  evident  alfo, 
that  the  Water  at  G  prefles  the  Bot¬ 
tom  of  the  Veflel  downwards  with 
the  fame  Force  ;  to  which  Force  the 
Weight  of  the  Column  GH  is  to  be 
added,  by  which  means,  the  Force  of 
the  Water  preffing  upon  G,  will  be 
the  fame  as  if  the  Column  GH  were 
equal  in  height  to  the  Column  FB, 
that  is,  as  if  it  were  filled  up  to  M. 
The  fame  may  be  demonftrated  like- 
wife  of  all  the  other  Columns ; 
whence  it  is  manifeft,  that  the  Bot¬ 
tom  ED  is  prefled  in  the  fame  man¬ 
ner,  as  if  the  Veflel,  every  where 
of  equal  Thicknefs,  were  filled  with 
Water  to  N  O. 

But  the  Truth  of  this  Demonftra- 
tion  depends  upon  this  Suppofition, 
that  the  Liquor  contained  in  the  Vef- 
fel  be  fuchas  cannot  be  comprefled: 
as  Water  which  cannot  be  comprefled. 
What  therefore  was  faid  of  ail  Li. 
quors,  is  to  be  underftood  of  fuch  Li. 
fuon ,  viz.  that  they  prrfs  upon  Bo. 
dies  that  are  under  them,  according  to 
their  perpendicular  Height ,  and  not 
according  to  their  Breadth- 

Carol,  i.  If  the  Tube  A  B  be  flop¬ 
ped  clofe  with  a  Cover,  and  the  lit¬ 
tle  Tube  CD  be  filled  with 
Tab  I.  Water  up  to  D,  the  V  iter 
Fig.  4.  contained  in  this  Tube, will 
prefs  upon  the  Water  bdow 
in  the  great  Tube,  and  this  Prefitire 
will  diffufe  ir  feif  through  all  the 
Water,  and  thruft  againft  the  Sides 
and  Cover  of  the  Veflel  thus c!ol'ed  ; 
and  if  a  Hole  be  made  in  the  Cover, 
for  the  Water  to  get  out  at,  it  will 
fly  out  thence  with  as  much  Force, 
as  if  the  little  Tube  CD  were  as 
broad  as  the  Tube  A  U« 


Corot.  2,  If  two  Cylinders  be  ex- 
aftly  fitted  to  the  Tubes 
A  B,  CD,  Weights  laid  Tab.  I. 
upon  them  will  be  in  a -  Fig.  4, 
quilibrioy  if  they  are  in 
proportion  to  the  Width  of  the 
Tubes.  For  Example,  if  the  Tube 
A  B  be  four  times  as  wide  as  the 
Tube  CD,  one  pound  Weight  laid 
upon  the  little  Cylinder,  will  be  e- 
qual  to  the  Force  of  four  pound 
Weight  laid  upon  the  great  Cylin¬ 
der  ;  which  Experiments  may  be 
infinitely  diver fifyed, 

Carol.  3.  Hence  it  is  eafy  to  ex¬ 
plain  that  Paradox,  which  fo  much 
perplexed  the  Famous 
Dr.  Henry  Moor ,  and  Tab.  XVII. 
other  learned  Men,  Fig.  2. 
-i/rx.whyaflat  round 
Board ,  fuch  as  a  Trencher,  when  it  ig 
put  into  Water,  fhoold  rife  up  imme¬ 
diately,  tho*  the  Weight  of  the  in- 
cumbentWater  be  much  greater, than 
that  under  it,  and  yet  there  be  no 
fuch  Thing  in  Nature  as  Likenefs  to 
lift  it  up.  Let  ABCD  be  a  Veflel 
full  of  Water,  F  a  round  Board  im- 
merfed  in  the  Water.  Now  becaufe, 
from  what  has  been  already  faid, 
the  Columns  of  Water  com¬ 

municate  all  their  Weight  to  the  Co¬ 
lumn  d d,  and,  if  the  Column  dd 
fliould  defeend,  the  Column  K A,  Hb 
woulda  cend  with  a  Celerity  propor- 
tionably  greater,  as  they  are  lefe 
thick;  whence  it  is  evident,  'hat 
thefe  ought  to  be  in  aequilibrio  with 
each  other,  ( in  the  fame  manner  as 
in  the  Siphon,  lab.  1.  Fig .4.)  if  the 
Column  dd  be  all  Water.  But  be¬ 
caufe  part  of  this  Column  is  not 
Water,  but  the  Board  F,  which  is 
fpecifcally  lefs  heavy  than  Water  j 
therefore  the  ^equilibrium  is  altered, 
and  the  Column  GGdd  having  lefs 
Force  (compounded  cf  the  Magni- 
tudeand  Velocity)  than  theColumna 
Hb,  H b  ;  it  muff  rife  fo  far,  that 
there  mull:  bs  as  much,  of  the  Wood 

above 
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13.  That  n  13.  But  becaufe  it  is  not  the  Part  of  a  Philofopher  to 
is  Sufficient  make  him  working  Miracles  every  Moment,  and  to  have 
“batChd  perpetual  Recourfe  to  his  Power,  we  fhall  take  it  for 
once  created  granted,  that  when  he  created  the  Matter  of  this  World, 
Motion.  hg  jmprefled  a  certain  Quantity  of  Motion  upon  the  Parts 
of  it,  and  that  afterwards,  by  the  common  Courfe  of  his 
Providence,  he  hindered  Things  from  returning  into  their 
original  Nothing ,  and  preferred  always  ( 1 )  the  fame  Quan¬ 
tity  of  Motion  ;  fo  that  what  remains  for  us  to  do,  is  on¬ 
ly  to  enquire  into  other  Circumftances  of  Motion,  and  to 
examine  Second  or  Natural  Caufes. 


■p 


above  the  Superficies  of  the  Water, 
as  it  exceeds  in  Bignefs  a  Quantity 
of  Water  of  equal  W  eight.  If  the 
round  Trencher  F  were  fo  exadlly 
fitted  to  the  W  idth  of  the  Vefiel,that 
no  Water  could  get  between  it  and 
the  Sides  of  the  Veffel,  fo  as  to  com¬ 
municate  its  Weight  to  the  Water 
below,  and  by  that  means  force  the 
Board  upwards  ;  or  if  the  Board 
touched  the  Bottom  of  the  Veffel  fo 
clofe,.  that  no  Water  could  get  in 
between  it  and  the  Bottom,  then  the 
Board  would  not  rife  at  ail.  As  I 
have  often  tried  in  Quickfilver, which 
does  not  wet  the  Board,  and  there¬ 
fore  will  eafily  let  it  go  clofe  to  the 
Bottom  of  the  Velfel- 

( 1 )  The  fa  me  Quantity  of  Motion ) 
Some  other  Principle  (befide  the  Iner¬ 
tia  of  Matter)  was  neceffary  for  put' 
ting  Bodies  into  Motion  ;  and  now 
they  are  in  Motion ,  fome  other  Princi¬ 
ple  is  neceffary  for  conferring  the  Mo¬ 
tion.  For  if  two  Globes  j  oir.ed  by  a 
fender  Rod,  revolve  about  their  com¬ 
mon  Center  of  Gravity  with  an  uni¬ 
form  Motion,  while  that  Center  moves 
on  un  formly  in  a  right  Line  drawn  in 
the  Plane  of  the  circular  Motion  j  'The 
Sum  of  toe  Motioni  of  the  two  Globes , 
at  often  as  the  G'obcs  are  in  the 
right  Line  defcrihed  by  their  cetnmon 
Center  of  Gravity , will  be  bigger  than 
the  Sum  of  their  Motions,  when  they 
are  in  a  Line  perpendicular  to  that 
rigbt  Line.  By  this  Inftence  it  ap¬ 
pears,  that  Motion  may  be  got  or  If . 
By  rcafon  of  the  Tenacity  of  fluids , 
and  Attrition  of  their  Parts ,  and  the 
Wtaknefs  of  Elafiicity  in  Solids,  Mo¬ 
tion  is  much  more  apt  to  be  lofi  than 
got,  and  is  always  upon  the  Decay . 
For  Bodies  which  are  either  abf  late¬ 
ly  hard,  or  fo  foft,  as  to  be  void  of 
Elafiicity,  will  not  rebound  from  one 

another,  Impenetrability  mhtt  them 


only  flop.  If  two  equal  Bodies  meet 
dtreBly  in  Vacuo  ,  they  will  by  the 
Laws  of  Motion flop  where  they  meetf 
and  lofe  all  their  Motion ,  and  remain- 
in  Reft,  unlefi  they  be  elaftick ,  and 
receive  new  Motion  from  their  Spring « 
If  they  have  fo  much  Elafiicity  as  fuf- 
jices  to  make  them  rebound,  .with  a 
quarter ,  or  half ,  or  three  quarters  of 
the  Force  with  which  they  come  toge¬ 
ther,  they  will  lofe  three  Quarters,  or 
Half ,  or  a  Quarter  of  their  Motion. 
And  this  may  be  tried,  by  letting  two 
equal  Pendulums  fall  againft  one  ano¬ 
ther  from  equal  Heights.  If  the  Pen¬ 
dulum  be  of  Lead  or  foft  Clay ,  they 
will  lofe  all,  or  almofl  all  their  Moti¬ 
ons  :  If  of  elaftick  Bodies,  they  will 
lofe  all  but  what  they  recover  from 
their  Elafiicity.  Newton’s  Opticks 
the  2d  Edition,  in  Englifb,  p  373» 
If  it  be  asked  how  Motion,  which 
is  thus  perpetually  loft,  fhould  be  per¬ 
petually  regained.  The  Anfwer  is  ; 
That  it  is  regained  by  certain  a£live 
Principles,  fuck  as  are  the  Caufe  of 
Gravity,  by  which  Planets  and  Com¬ 
mits  keep  their  Motions  in  their  Orbs , 
and  Bodies  acquire  great  Motion  in 
falling.  The  Caufe  of  Fermentation, 
by  which  the  Heart  and  Blood  of 
Animals  are  kept  in  perpetual  Motion 
and  Heat  j  the  inward  Parts  of  the 
Earth  are  conflantly  warmed,  and  in 
fome  Places  grow  very  hot.  Bodies 
burn  and fh'ne  5  Mountains  take  Fire, 
the  Caverns  of  the  Earth  are  blown 
up  ;  and  the  Sun  continuis  violently 
hot  and  lucid,  and  warms  all  Things 
by  his  Light  ;  (and  the  Caufe  of 
Elafiicity  whereby  Bodies  reftore 
themfelves  to  their  former  Figures  ; 
all  which  Caufes  fhall  be  treated  of 
in  their  proper  Places )  For  we  meet 
with  very  Little  Motion  in  the  World 
b  fides  what  is  owing  to  tbefie  aSlive 
Principles*  Jbid.  p.  375- 

CHAP. 
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CHAP.  XL 

Of  the  Continuation  and  Cejfation  of  Motion * 

HOW  it  comes  to  pafs  that  a  Body  in  Motion,  fhould  ?bat  a 
continue  to  be  moved,  is  one  of  the  moft  confide-  fff  afn 
rable  Queftions  relating  to  Motion,  and  has  very  much  never  of  it 
perplexed  the  Skill  of  Philofophers ;  but  upon  our  Pri n-felf  beiin  t0 
ciples,  it  is  not  difficult  to  account  for  it :  For,  as  was  be-  "fffff  ff*  a 
fore  obferved,  nothing  tends  to  the  Deftru&ion  of  it  felf,  Motion  of  it 
and  it  is  one  of  the  Laws  of  Nature,  that  all  Things  willlelf  Ceafe  tQ 
continue  in  the  State  they  once  are ,  unlefs  any  external 
Caufe  interpofes ;  thus  that  which  exifts  to  Day,  will 
endeavour,  as  far  as  it  can,  to  exift  always  ;  and  on  the 
contrary,  that  which  has  no  Exiftence,  will  endeavour,  if 
I  may  fo  fpeak,  never  to  exift  ;  for  it  never  will  exift  of 
it  felf,  if  it  be  not  produced  by  fome  external  Caufe  :  So 
alfo,  that  which  is  now  a  Square,  will,  as  far  as  is  in  its 
Power,  always  continue  a  Square.  And  as  that  which  is 
at  Reft,  will  never  of  itfelf  begin  to  move,  unlefs  fome- 
thing  move  it ;  fo  that  which  is  once  in  Motion,  will  ne¬ 
ver  of  it  felf  ceafe  to  move,  unlefs  it  meets  with  fome- 
thing  that  retards  or  flops  its  Motion.  And  this  is  the 
true  Reafon  why  a  Stone  continues  to  move  after  it  is 
out  of  the  Hand  of  him  that  throws  it. 

2.  We  (hall  therefore  have  but  little  regard  to  that  com-  2.  That  it  is 
mon  Saying  of  Ariftotle* s,  That  every  Thing  in  Motion  tends  a;  t0 
to  Reft ,  becaufe  there  is  no  good  reafon  for  it.  For  if  ^odih  in 
this  Opinion  feems  to  have  fome  Foundation  from  what  Motion  do  of 
we  experience  on  the  one  Hand  of  the  Things  gn  the 
Earth,  where  a  Stone  or  any  other  Body  in  Motion  does  ° 
not  continue  always  to  move  ;  yet  it  is  overthrown  by 
what  is  obferved  on  the  other  Hand  in' the  Heavens, 
where  from  the  Obfervation  of  many  thoufand  Years, 
we  find  no  Diminution  of  Motion. 

3.  To  wdiich  we  may  add,  that  this  Opinion  is  not  fo  3.  That  A- 
eafily  fupported,  by  the  Experience  of  what  is  done  here  riftotie’j  o- 
upon  the  Earth,  as  is  imagined  :  For  though  indeed  it  be 
very  evident,  that  we  fee  the  Bodies  which  were  in  Motion,  Experience, 
ceafe  to  move,  and  to  be  at  perfect  Reft ;  yet  it  is  by 
no  means  evident,  that  they  tend  to  this  of  themfelves  : 

For  no  Body  can  ever  think,  than  a  Cannon-Ball,  after  it 
has  entered  three  or  four  Foot  into  a  Wall,  has  an  Incli- 
jiation  after  that  to  be  at  Reft,  On  the  contrary,  when 

we 
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we  perceive  that  this  Ball  enters  deeper  or  lefs  deep,  ac¬ 
cording  to  the  Difference  of  the  Bodies  that  receive  the 
Force  of  it,  we  afcribe,  with  more  Reafon,  the  CefFa- 
tion  of  its  Motion  to  the  greater  or  lefs  Refiftance  made 
by  thofe  Bodies. 

4.  That  the  4*  This  Opinion  was  peculiar  to  Ariftotle,  and  no  Body 
Air  refip  would  have  ever  come  into  it,  if  they  had  confidered,  that 

rtlTtl’e  R 't  lt  does  not  refill  Motion  fo  much  as  a  Wall, 

jiftance  of  yet  ^  makes  fome  Refiftance,  as  we  experience  in  a  Fan 
■Bodies  it  the  moved  quick  ;  for  then  when  they  had  feen  a  Cannon- 

^befsodUt  or  a  ^tone’  not  always  continuing  to  move  in  the 
ceafing  to  Air,  they  would  have  thought,  that  this  was  caufed  by 
move.  the  Refiftance  which  the  Air  makes  to  the  Motion  of  the 
Ball,  and  .that  the  Ball  lofes  as  much  motion  as  it  com¬ 
municates  to  the  Air. 

5.  cj;b(lt  a  5*  Now  in  order  to  find  out  how  much  of  its  Motion  a 
Body  in  Body  lofes  when  it  ftrikes  againft  other  Bodies,  you  muft 
Motion,  lofes  remember,  that  we  fuppofed  ( 1 )  that  God  created  a  certain 
iuwon  mo-  Quantity  of  Motion,  and  that  by  the  common  Courfe  of 
tion  at  it  his  Providence,  he  preferves  as  much  Motion  in  Matter, 
communicates  %s  he  impreffed  upon  it  at  the  Beginning;  whence  it 
die!.  ^  C  f°ll°ws5  that  if  a  Body  in  Motion,  ftrikes  dire&ly  upon 

another  Body  at  Reft,  and  pufhes  it  before  it,  it  muft 
neceflarily  lofe  as  much  of  its  own  Motion,  as  it  commu¬ 
nicates  to  the  other,  in  order  for  them  to  go  on  together 
with  the  fame  Celerity  as  if  the  two  Bodies  were  one 
common  Mafs.  Wherefore  if  a  Body  in  Motion  be  three 
times  as  big  as  the  Body  at  Reft,  it  will  lofe  a  fourth  Part 
of  its  Motion ;  and  inftead  of  running,  fuppofe,  a  Line 
of  four  Fathom,  in  a  given  time,  it  will  run  but  a  Line 
of  three  Fathom;  that  is,  it  will  move  with  a  fourth 
Part  lefs  Celerity,  than  it  did  before. 

6.  That  a  6.  Tf  a  Body  in  Motion,  ftrikes  upon  another  Body  in 
Body  m  Mo-  Motion  alfo,  it  will  make  that  move  fwifter;  but  it  will 
"fits  motion,  not  l°fo  fo  much  of  its  own  Motion,  as  if  this  latter  had 
it/beu  it  been  wholly  at  Reft  ;  becaufe  all  that  it  has  to  do,  is  only 
^afni?  ano  t0  fome  Degrees  of  Motion  to  thofe  it  has  already,  in 
? “her  Body  orcler  to  make  the  Bodies  move  with  the  fame  Celerity  : 
already  m  One  Example  will  make  this  clear.  Suppofe  a  Body  to 
wlertl?***  ^ave  a  certafo  Quantity  of  Motion,  for  inftance,  twelve 


ftrikes  upon  a 
Body  at 
Ref. 


(1)  That  God  created  a  certain 
Quantity  of  Motion )  See  above, 
Chap.  X.  Art.  13.  Cut  though  Mo¬ 
tion  may  be  deftroyed,  and  hard 
Bodies  that  have  no  elaftiek  Force, 
when  they  ftrike  againft  each  other. 


are  not  refleSed,  but  !ofe  their  Mo¬ 
tion  ;  yet  in  other  Cafes,  Bodies 
perfectly  hard,  communicate  their 
Motion  to  each  other,  according  to 
thofe  Laws  which  the  Author  is 
explaining* 


Degrees 
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Degrees,  and  that  it  ftrikes  upon  another  which  is  at 
Reft;  according  to  what  was  now  faid,  if  the  firft  Body 
be  as  big  again  as  the  other,  it  ought  to  communicate 
four  Degrees  of  Motion  to  it,  and  keep  eight  to  it  felf. 
But  if  the  Body  which  has  twelve  Degrees  of  Motion, 
ftrikes  againft  the  other  moving  with  three  Degrees,  it 
ought  to  increafe  its  Motion  but  two  Degrees,  to  make  it 
have  as  much  as  it  ought  to  have  ;  becaufe  this  being  but 
half  as  big  as  the  other,  it  will  by  this  means  have  Mo¬ 
tion  enough  to  go  as  fwift  as  the  other :  And  therefore 
that  Body  which  before  kept  to  it  felf  only  eight  Degrees 
of  Motion,  will  now  keep  Ten.  (i) 

7-  If 


(1)  If  a  Body  in  Motion,  be  three 
times  as  big  as  another  Bi  dy  at  Reft, 
and  ftrikes  againft  it  with  thirty  two 
Degrees  of  Motion,  it  will  give  it 
eight  Degrees  of  its  Motion,  and 
keep  Twenty  four  to  itfelf :  But 
if  the  latter  Body  had  four  Degrees 
of  Motion  before,  it  will  give  it  but 
five  Degrees,  and  keep  twenty  Se¬ 
ven.  By  the  fame  way  of  Re*fbn- 
ing,  it  is  eafy  to  fit  d  out  other  Laws 
of  communicating  Motion  in  Bodies 
that  are  perfe£Uy  hard.  But  becaufe 
the  hardeft  Bodies  of  all  have  alfo  an 
Elaftick  Force,  and  becaufe  the  Cafe 
of  Elaftick  Bodies,  is  d  fferent  from 
this,  and  more  d  fficult,  you  may  find 
the  Principal  Laws  by  which  their 
Motion  is  commun  cated,  explained 
by  thefe  learned  Perfom  ;  Sir  Cbri - 
Jlepber  Viren ,  Dr.  Wallis,  Mr.  Hu- 
gens,  in  his  Philofophical  Tranfadi- 
ons,  Numb.  43,  and  4.6,  and  more 
fully  by  the  fame  Mr.  Hugent  in  his 
Pofthumous  Works,  and  by  Mr. 
Marriot ,  in  a  whole  Book  wtote  up¬ 
on  this  Subje&,  and  alfo  very  fully 
by  Dr.  Keil  in  his  Le&ures  upon 
Natural  Philofophy.  But  this  whole 
Matter  may  be  comprehended  in  the 
following 

PROBLEM. 

The  Weights  and  Velocities  with 
which  two  Spherical  Bodies,  perfeft- 
ly  Elaftick,  whofe  Centers  are  mo¬ 
ved  in  the  fame  ftreight  Line,  meet 
each  other,  being  given  ;  to  find  their 
Velocities  after  they  have  met. 

In  the  following  Computation,  the 
Motion  of  Elaftick  Bodies  after  lin¬ 
king  againft  each  other,  is  fuppofed 
to  arift  from  twoCaufes. 


I  From  fimple  Impulfe.  By  the 
Force  of  wh:ch  alone,  if  theBod:es 
had  no  Eltftick  Force,  each  Body  af¬ 
ter  they  had  met,  would  either  whol¬ 
ly  reft,  vi»  if  they  meet  each  orher 
with  equal  Motion  5  or  they  would 
go  both  on  togetr.er,  as  if  they  were 
united  into  one  Body,  with  the  fame 
Velocity  ;  and  the  Sum  of  their  Mo¬ 
tions  (if  they  moved  both  the  lame 
Way]  or  the  DiftVr-nce  of  their  Mo¬ 
tions  (if  they  moved  contrary  W  y?) 
w'  uld  continue  the  lame  after  tneir 
meeting  as  before. 

II  Fm  m  Elaftick  Force  Wh  cht 
in  Bodies  perfectly  E'aft  ck,  is  equal 
to  the  Force  w.th  which  they  are 
compiefl'ed  ;  that  is,  wfien  two  fucll 
Bodies  are  ft  reck  againft  e.  ch  other, 
it  is  equivalent  t<>  that  Motion  which 
either  of  them  would  ga'n  or  iofe  by 
fimple  mpuife  only.  This  Force  atts 
the  contrary  way,  and  therefore  the 
Motion  which  is  produced  by  it, 
muft  be  fubftrafted  from  that  Mo¬ 
tion,  which  is  in  the  Body  impelling, 
and  added  to  that  Motion  which  is 
in  the  Fody  impelled  by  the  Force 
of  fimple  impulfe  only,  in  order 
to  find  their  Velocities  after  Reflec¬ 
tion. 

This  being  fuppofed.  Let  A  and 
B  be  two  perfedtly  Elaftick  Bodies, 
and  let  A  either  overtake  B,  or  meet 
it  ;  Let  their  Velocities  be  a  and 
b  5  Then  the  Motion  of  A  will  be  A  a, 
and  the  Motion  of  B,  will  be  B£,  and 
the  Quantity  of  Motion,  in  them 
both  together,  if  they  be  moved  the 
fame  or  contrary  ways  will  be 
Aa-|-Bb, which,  (by  the  ift  Fcjition'y 

will  be  the  fame  .after  their  Impulfe 
as  before.  Now  (if  they  had  no  E- 
teftick  Force)  their  common  Velo- 
E  city 
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7.  If  a  Body  which  was  moved  by  another,  be  by  any 
Means  turned  out  of  the  Way,  fo  that  That  from  which 
it  received  irs  Motion,  is  left  to  move  freely,  it  will  con¬ 
tinue 


city  after  they  had  met,  would  be 
Aa-j-Bb 

and  therefore  the  Motion 


A-j-B  * 
cf  A,  would  be 


A  *  a-j-ABb 


that  of  B, 


A-j-B 
ABa-j-B2b 


^rr— — ,  and 


Motion 


A-J-B 
A^a-j-ABb 


Now  if  the 


which  remains 


A-}-® 

in  A  after  the  Impulse,  be  fubftraCt- 
ed  from  the  Motion  Aa,  which  it  had 
at  firft,  there  will  remain  the  Motion 

ABa-j-ABb 

- -.■=7-— — ,  which  the  BodyA  has 

loft  by  Simple  Impulfe  only.  Now  if 
this  Motion  be  fubftra&ed  from  the 
A2a-f-A.Bb 

Motion  n  .  77—  which  is  in  A, 


ABa-j-B2b 


and  the  Sum 


A-J-B 

and  added  to  the  Motion  — |  £ 

which  is  3nB  after  theirMeeting,from 
the  firft  Caufe  only  ;  the  Remainder 
A-a+z  ABt — ABa 

—  A+n - wil1  ,he 

fecond  Pojition)  be  the  Motion  of  A  $ 
2  A  Ba  — j—  B  2  b  1  A  Bb 

"a+b - - 

will  be  the  Motion  of  B,  from  both 
Caufes  top, ether  ,  after  Reflection. 
And  by  dividing  feparately  thefe  Mo¬ 
tions  by  their  Bodies,  we  /hall  have 
Aa-f-2Bb — Ba 

— :r~^  j  - -  for  the  Velocity  of 

2Aa-j-Eb~r  Ab 

A,  and  •—  ~~~  ,  IL-.  for  the  Ve* 

A— J—  B 

locity  of  B  after  Reflection-  Q^E. 
J.  '  (See  Newt.  Algebra .  Pag.  91. 
Probl  12) 

N.  B.  It  may  fo  happen,  that  the 
BodyA,  whether  it  overtakes  B,  or 
meets  it,  may  lofe  all  its  Motion,  or 
may  be  driven  back  the  contrary  way 
to  that  it  moved  in  before  they  met. 
Wherefore  in  this  Cafe  the  Quantity 
Aa-{-2Eb — Ba 

— . - - -  by  which  the  Ve- 

A-f-B  : 

lccity  after  Reflection  is  exprefled, 
will  either  become  Nothing  (the  Ne. 
gative  and  Pofitive  Terms  deftroying 
one  another)  or  Negative*  So  like-. 


wife  it  may  happen,  that  when  the 
Body  B  meets  A,  it  may,  after  their 
Meeting,  either  reft,  or  go  on  to  be 
moved  the  contrary  way  to  that  A 
was  moved  in,  before  they  met ;  and 
then  the  Quantity  by  which  the  Ve¬ 
locity  is  exprefled,  will  either  be  No¬ 
thing,  or  (as  at  firft)  Negative.  But 
if  it  be  driven  back  the  fame  way 
that  A  was  moved  in  at  firft,  the 
Quantity  by  which  the  Velocity  is 
exprefled,  will  be  pofitive.  For  fince 
theVelocity  that  way  which  A  was  at 
firft  moved  in,  is  exprefled  by  the 
Sign -j-;  ’tis  evident,  that  the  Ve¬ 
locity  the  contrary  way,  ought  to  be 
exprefled  by  the  contrary  Sign  — 
throughout  the  whole  Computation. 

From  thefe  general  Quantities  now 
found,  by  which  the  Velocities  of 
the  Bodies  A  and  B  are  exprefled,  it 
is  eafy  to  deduce  the  Laws  of  Motion 
which  are  obferved  by  any  perfe&ly 
Elaflick  Bodies  after  Reflection,  in 
any  given  Cafe  whatfoever.  For  Ex¬ 
ample. 

1.  If  the  Velocities  of  two  Bodies 
meeting  each  other,  be  reciprocally 
as  their  Weights,  in  this  Cafe  it 
will  be  Aa=Bb,  and  therefore  the 
Quantity  by  which  the  Velocity  of  A 
— A3 — Ba 


is  exprefled,  = - —  =  —  aj 

A-j-B 

Ab-j-Bb 

and  that  of  B,  =  - =  b, 

A— J— 3 

That  is,  each  Body  after  their  Im¬ 
pulfe,  will  go  back  with  the  fameVe- 
locitywith  which  they  met  each  other. 

2.  If  A  ftrikes  againft  B,  when  it 
is  at  reft,  the  Velocity  of  A  will  be 
(the  Quantity  B,  and  confequently 
its  Multiples  Bb,  &c.  vani/hing)  = 
Aa — Ba 

,  and  the  Velocity  of  B  will 
2  A  a 


be  =rr 


That  is,  as  the  Sum 


A-j-B 

of  their  Bodies  is  to  their  Difference  • 
fo  is  the  Velocity  of  the  Body  A  be¬ 
fore  Reflection,  to  its  Velocity  after 
Reflection.  And  as  the  Sum  of  the 
Bodies,  to  double  the  impelling  Bo¬ 
dy,  fo  is  the  Velceity  of  A  before 
Reflection,  to  the  Velocity  of  B  after 
Reflection, 

3>  If 
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tinue  only  to  move  as  it  did  after  it  had  moved  the  other, 
and  not  as  it  moved  before  it  communicated  any  of  its 
Motion  ;  becaufe  the  Manner  in  which  any  Thing  ought 
to  continue  to  exift,  and  to  preferve  it  felf,  is  that  which 

E  2  it 


3.  If  A  be  equal  to  B,  and  ftrikes 
againft  it  when  it  is  at  Reft,  the  Ve¬ 
locity  of  A  will  be  =  o.  And  the 
Velocity  of  B  will  be  =  a.  Which 
/hows  that  the  Body  A  after  ftriking, 
will  be  at  Reft,  and  the  Body  B  will 
be  moved  with  the  fame  Celerity 
after  the  Impulfe,  that  A  was  moved 
with  before  the  Impulfe. 

4.  If  A  and  B  be  equal,  and  meet 
each  other  with  unequal  Velocity,  the 
Velocity  of  A  after  meeting  will  be 
=  —  b  ;  and  the  Velocity  of  B  a. 
That  is,  each  of  them  will  return 
back  after  meeting,  having  changed 
their  Velocity. 

5.  If  A  and  B  be  equal,  and  A  0- 
vertakes  B,  the  Velocity  of  A  will  be 
=  b,  and  the  Velocity  of  B  =  a. 
That  is,  they  will  both  move  the 
fame  way  they  did  before,  having 
changed  their  Velocity. 


LEMMA. 

If  there  be  three  unequal  Quanti¬ 
ties,  A,  B,  C  $  and  A  be  Jefs  than  B, 
and  B  lefs  than  C.  I  fay,  (1).  that 
AC 

B  - is  lefs  than  A-j-C  (2).  that 

B 

AC 

B  +  — -  -  is  leaft  of  all,  when  B  is  a 
B 

mean  proportional  between  A  and  C« 

D  E  M  O  N  S  T. 


The  firft  part  is  evident  from  Prop . 
Book  5.  of  Euclid.  The  Second 
Part  may  be  demonftrated  thus.  Let 
M  be  a  mean  proportional  between 
A  and  C  :  then  M*  =  AC.  Now 
if  M  and  B  be  equal,  it  is  B  -4-. 
AC  1 


=  2  M  or  2  B.  But  if  there  be 
B 


any  difference  between  M  and  R,  let 
that  difference  be  D  ;  and  it  will  be 


M  +D  -f 


Ml  AC, 

m+d  =  b+  IT 


M2 

ButM  i3  Sfeater 


than  2  M  as  is  evident  by  multiply¬ 
ing  each  of  them  by  M  -f-  D  and 


comparing  their  Produ&s  together. 
Therefore,  sS’c.  Qr_E.  D. 

(6.)  Let  there  be  three  Elaftick 
Bodies,  as  mentioned  in  the  Lemma, 

A,  B,  C  ;  and  let  A  ftrike  againft  B 
at  reft  $  and  after  that,  let  B  ftrike 
againft  C  at  reft  alfo  ;  I  fay,  that  by 
this  Means  the  Body  C  will  acquire 
greater  Velocity,  than  if  it  had  been 
ftruck  immediately  by  A  alone,  with¬ 
out  the  Interpofidon  of  B  j  and  that 
it  then  acquires  the  greateft  Velocity, 
when  B  is  a  mean  Proportional  be¬ 
tween  A  and  C.  (And  the  fame 
holds  true,  if  the  Motion  begins 
with  the  Body  C.) 

For  by  the  Second  Law,  explained 
above,  the  Velocity  of  C,  if  it  were 
impelled  by  A  only,  and  the  Body  B 

2  A  a 

not  between  them,  will  be  - * 

A-f  C 

4  A  a 

or  zmA -1-2C'  And  fcy the  w 
Law,  the  Velocity  of  C,  when  ftruck 
by  the  Body  B  with  that  Motion 
which  was  given  it  by  A,  will  be 

1  A  a 

A  -j-  c  -j-  x>  -p-  A  »J,  which  two 

~bT 

Fractions,  becaufe  they  have  the  fame 
common  Numerator  (4  A  a)  are  to 
one  another  as  their  Denominators, 
inverfely.  Wherefore  the  Velocity  of 
C  in  the  firft  Cafe,  is  to  its  Velocity 
in  the  Second,  as  A  -f-  C  -f-  B  -4-» 
AC 

— — -  to  a  A  -f-  2  C.  But  [by  the 
B 

A  C 

Lemma)  B  -[ - is  lefs  than 

B 

A  -f-  C,  and  leaft  of  all  when  A,  B, 
and  C  are  in  continual  Proportion. 

Therefore  A  +  C  -4-  B  -4-  A 

B 

is  lefs  than  2  A.+.  2C,  That  is,  the 
V elocity  of  C,  in  the  firft  Cafe,  is  lefs 
than  its  Velocity  in  the  Second,  and 
this  Inequality  is  greateft,  when  A, 

B,  :.nd  C,  are  in  continual  Propor¬ 

tion.  If  the  Motion  begins  at  the 
Body  C,  than  if  c  reprefents  its  Cele¬ 
rity,  and  be  fubftituted  in  the  Room 
of  a,  the  Demonftration  will  be  the 
fame.  7.  The 
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it  has  this  very  Moment,  and  not  that  which  it  had  Tome 
Time  before,  but  has  not  now.  Wherefore  a  Body  which 
has  loft  fome  of  its  Motion,  by  meeting  Another,  may 
lofe  more  of  it  by  a  fecond  Meeting,  or  a  Third,  and  fo 
on,  ’till  at  laft  it  may  be  quite  flopped,  as  we  often  fee. 

S.  That  8.  From  what  has  been  laid,  it  follows  firft,  that  if  two 
greater  Bo.  fthe  and  unequal  Bodies,  be  moved  in  a  ftreight  Line  with 
dies  continue  ’he  fame  Celerity,  ( I )  the  greater  Body  ought  to  move  longer 

t0fe?Znlei  than  the  lejfer ,  becaufe  the  Quantity  of  Motion  in  each 
fer  ones.  Gf  thefe  Bodies,  is  in  proportion  to  their  Mafles,  but  they 
communicate  and  lofe  their  Miotion  in  proportion  to  their 
Superficies  only,  with  which  they  ftrike  againft  other  Bo¬ 
dies,  amongft  which  they  are  moved  ;  now  though  the 
Bigger  Body  has  more  Superficies  than  the  Lejfer ,  yet  it 
has  not  fo  much  in  proportion  to  its  Bulk,  and  confequent- 
ly  it  does  not  lofe  every  Moment  fo  much  ol  its  Motion 
as  the  lejfer  one  does.  ^ 

9.  An  Ex-  9*  One  Inftance  will  make  this  clear.  Suppofe  the  Bo- 
ampie.  dy  A  to  be  a  Cube  two  Foot  everyWay,  and  the  Body 
Tab.  i.  B,  a  Cube  of  one  F oot ;  which  being  luppofed,  the  Su- 

Fig*  5.  perficies  of  the  Body  A  will  be  four  times  as  much  as  the 

Superficies  of  the  Body  B,  but  the  Mats  of  it,  will  be 
eight  times  as  big  :  And  confequently,  if  thefe  Bodies  move 
with  the  fame  Celerity,  the  Body  A  will  have  eight  times 


7.  The  more  Bodies  there  are  of 
a  different  Magnitude,  between  any 
two  Bodies,  fo  much  the  greater  will 
the  Velocity  of  the  Laft  be  :  And  it 
Viill  be  the  greateft  of  all,  if  the  Bo  • 
dies  be  in  a  continued  Proportion. 
This  eafily  follows  from  the  proceed¬ 
ing  Articles. 

8.  Perfectly  e'aftick  Bodies  recede 
from  each  other  after  Reflection *with 
the  fame  relative  Velocity,  that  they 
approached  each  other  with  before 
Reflexion  ;  that  is,  in  any  given 
Time,  the  Diftance  between  the  two 
Bodies  before,  and  after  their  Meet¬ 
ing,  will  be  the  fame,  at  the  End  of 
that  time.  For  the  diftance  of  the 
Bodies  in  any  given  time,  before  they 

meet,  may  be  exprefled  by  a  -{-  b, 
viz.  the  fame  Quantities  by  which 
the  difference  of  their  Velocities,  if 
they  be  moved  the  fame  way,  or  the 
Sum  of  their  Velocities,  if  they  be 
moved  difterentWays,  is  represented  : 
Alfo  the  Spaces  which  they  defcribe 
feparately,  in  a  givenTime,  after  Re¬ 
flexion*  may  be  exprefled,  by  the 
iameQuantities,by  wh  ch  theirCeleri- 
tici  ars  exprefled  3  wherefore*  if  from 


a  A  a  -j-  Bb  »  Ab 
ht  Quantity - - 

which  exprefles  the  Space  run  thro’ 
by  the  Body  B  after  meeting,  the  fame 
way  that  A  moved  before  meeting, 
Aa  -}-  2  B  b  —  A  b 
be  — 

A  — j-  £> 

which  exprefles  the  Space  run  thro* 
by  the  Body  A  in  the  fame  time,  and 
the  fame  way  j  the  Remainder 

Aa  — j—  Ab  —f—  Ba  -4-  Bb  a  ~~t~  j,, 

A  — n 

will  give  the  Diftance  of  the  two  Bo¬ 
dies  at  the  End  of  the  given  Time  af¬ 
ter  Reflection. 

And  by  the  like  Reafoning  other 
Laws  may  be  found. 

( I )  'The  greater  Body  ought  to  move 
longer')  It  is  to  be  obferved,  that  thig 
is  faidof  Similar ,  that  is,  homogene¬ 
ous  Bodies.  Otherwife  we  are  to  un- 
derftand  by  it,  not  the  Greateft,  but 
the  Jieavieft  Body  :  For  the  Moiion 
of  Bodies  that  have  the  fame  Celeri¬ 
ty,  is  not  as  the  Majis  of  thofe  Bo¬ 
dies,  but  as  the  Weights  of  them . 
See  the  Notes  Chap.  x.  Art.  8. 


as 
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as  much  Motion  as  the  Body  B ;  fo  that  it  ought  to  lofe 
eight  times  as  much  every  Moment,  in  order  for  them 
to  ceafe  together.  But  this  cannot  be,  becaufe  the  Body 
A,  having  but  four  times  as  much  Superficies  as  the  other, 
can  meet  with  but  four  times  as  many  Bodies,  and  not 
with  eight  times  as  many ;  wherefore  the  Body  A  will 
move  pretty  quick,  when  the  Body  B  will  have  no  Mo¬ 
tion  at  all,  as  is  confirmed  by  Experience ;  for  if  a  Bullet 
and  a  fmall  Shot  come  at  the  fame  time  out  of  a  Gun, 
the  Bullet  will  be  carried  vaftly  further  than  the  fmall  Shot. 

10.  Secondly ,  Hence  it  follows  alfo,  That  a  long  Body ,  J0.  That  a 
fuch  as  an  Arrow ,  will  continue  to  move  longer ,  ivhen  it  is  Body 

Jhot  lengthwife ,  than  it  would  do  if  it  went  crofswife ,  for  ™ ^"“longer , 
it  meets  with  fewer  Bodies  to  transfer  its  Motion  to,  and  when  it  got I 
therefore  it  keeps  the  more  to  it  felf.  one  way 

1 1.  Thirdly ,  If  a  Body  moves  almojl  wholly  within  it  ‘egwfamal 

felf  fo  as  to  transfer  very  little  of  its  Motion  to  the  Bo-  tier. 
dies  that  furround  it,  it  ought  to  continue  moving  longejl  of1 2'  * 
all:  Thus  we  find  by  Experience,  that  a  fmooth  well  m°Qve™almojl 
polifhed  Brafs  Ball,  of  half  a  Foot  Diameter,  fupported  within  it 
by  two  Pivots,  will,  with  a  fmall  Stroke,  continue  to  //>  ou&ht 
run  round  for  three  or  four  Hours.  its  Motion 

12.  But  becaufe  a  Body  cannot  fo  transfer  its  Motion  to  longeft  of  all, 

another  as  not’  to  partake  with  that  Body  to  which  it  is  a 

transferred,  but  will  retain  fome  to  it  felf,  though  it  be yJJt™!* 
never  fo  little ;  therefore  it  fhould  feem  that  a  Body  once  wholly  at 
in  Motion,  ( i )  fhould  never  afterwards  be  entirely  at  reft,  ReP‘ 
which  is  contrary  to  Experience.  But  we  ought  to  con- 

fider,  that  two  Bodies  which  have  but  very  little  Motion, 
may  be  fo  connetfted  and  adjufted  to  each  other,  as  to 
be  in  a  manner  at  Reft,  which  is  all  that  Experience 
fhows  us. 

13.  Becaufe  the  World  is  full,  a  Body  moving  in  a  13.  That  a 
ftreight  Line,  muft  of  Neceflity  pufh  another,  and  that  a 
Third,  but  it  ought  not  to  go  on  thus  infinitely ;  for  fome  ftakes  other 
of  thoi'e  which  are  thus  pufhed,  will  be  forced  to  turn  out  Bodies  turn 
of  the  Way,  in  order  to  take  the  Place  of  that  which  was  lfnfrdfctlf 
firft  moved,  that  being  the  only  Place  where  they  can  take  its 
go,  and  which  is  free  for  them  ,  Wherefore  when  any  Place . 

Body  is  moved,  (2)  a  certain  Quantity  of  Matter  muft  al- 


( i )  Should  never  afterwards  be  en. 
tirely  at  Ref.)  This  is  falfe,  becaufe 
built  upon  a  falfe  Foundation,  viz, 
that  Motion  cannot  be  deftrcyed.  See 
the  Notes  above.  Chap,  x*  Art*  13. 

(2)  A  certain  hfuantity  of  Mattery 
Thds  is  for  the  moll  part  true,  not 


becaufe  the  World  is  full,  but  be¬ 
caufe  the  State  of  the  Air,  and  other 
Fluids  in  which  Bodies  are  moved, 
is  1'uch,  that  when  any  Body  is  mo  - 
vcd  out  of  its  Place,  thefe,  by  reafon 
of  their  Fluidit/,  immediately  run 
into  that  Placa» 

E  ct 


ways 
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ways  neceflarily  be  moved  in  the  Form  of  a  Ring  or  a 
Circle,  or  fome  way  equivalent  thereto. 

14.  T hat  14.  This  Truth,  though  it  was  known  long  ago,  yet 

*  in  ^Circle,  Philofophers,  for  want  of  duly  attending  to  it,  and  well 
it  the  Caufe  weighing  and  confidering  its  Confequences,  have  thought 
cfrrtanyjur.  i^poffcble  to  account  for  all  the  Motions  we  fee  in  Na~ 
thns”S  ture  by  Impulfe  alone,  which  is  the  only  way  that  we 
can  conceive  clearly,  by  which  one  Body  moves  another 
by  pufhing  it  ;  and  which  fo  naturally  follows  from  the 
Impenetrability  of  Matter,  which  all  the  World  agree  in. 
And  this  is  the  Reafon  why  they  introduced  into  their 
Philofophy  T  hings,  indeed  very  fpecious,  fuch  as  Attrac¬ 
tion ,  Sympathy ,  Antipathy ,  the  Fear  of  a  Vacuum,  &c. 
but  which,  at  the  Bottom,  are  mere  Chimera’s,  invent¬ 
ed  to  make  them  appear  to  give  a  Reafon  pf  that  v/hich 
they  did  not  underftand,  and  therefore  ought  not  to 
be  ufed  in  the  better  fort  of  Natural  Philofophy. 
felrU°o^tbe  *5*  For  as  to  ( I )  Attraction,,  Sympathy ,  and  Antipathy 
Wolds  At-  ^  they  ought  not  to  be  allowed  at  all,  by  reafon  of  their 

tradlion,  r 

Sympathy, 
and  Anti¬ 
pathy. 


(1 )  AttraRion)  Since  nothing  adts 
at  a  Diftance,  that  is,  nothing  can 
exert  any  Force  in  adting  where  it  is 
not  j  it  is  evident,  that  Bodies  (if 
we  would  fpeak  properly)  cannot  at 
ail  move  one  another,  but  by  Con¬ 
tact  and  Impulfe.  'Wherefore  At. 
traRion  and  Sympathy  and  all  occult 
Qualities,  which  areiuppofed  toarife 
from  the  Spec  ip  ck  Forms  of  Things 
are  juftly  to  be  rejected.  Yetbecaufe, 
befides  innumerable  other  Phaenome¬ 
na  of  Nature,  that  univerfal  Gravita¬ 
tion  of  Matter,  which  fhall  be  more 
fully  handled  afterwards,  can  by  no 
means  arife  from  the  mutual  Impulfe 
of  Bodies  (becaufe  all  Impulfe  muft 
be  in  proportion  to  the  Superficies, 
but  Gravity  is  always  in  proportion 
to  the  Quantity  of  foiid  Matter,  and 
therefore  muft  of  Neceflity  be  aferi- 
bed  to  fome  Caufe  that  penetrates  the 
very  inward  Subftance  it  felf  of  foiid 
Matter)  therefore  all  fuch  Attracti¬ 
on  ,  is  by  all  means  to  be  al.'owed,  as 
is  not  the  Adtion  of  Matter  at  a 
Diftance,  but  the  Adlion  of  fome 
immaterial  Caufe  which  perpetually 
moves  and  governs  Matter  by  certain 
Laws.  Have  not  the  fmall  Particles 
■of  Bodies  certain  Powers,  Virtues  or 
Forces ,  by  which  they  aR  at  a  dif¬ 
tance,  vet  fully  upon  the  Rays  of  Light 
for  refleRing,  refruRing  and  mf  edi¬ 
ting  them ,  but  a  /jo  upon  one  another  for 


Obfcurity. 

producing  a  great  Part  of  the  Phaeno¬ 
mena  of  Nature  P  For  it  is  well 
known,  that  Bodies  aR  one  upon  anor 
ther  by  the  Attradtions  of  Gravity , 
Magnetifm  and  EleRricity  ;  and  thefe 
Infances  Jhew  the  Tenour  and  Courfe 
of  Nature,  and  make  it  not  improbable 
but  that  there  may  be  more  Attrac¬ 
tive  Powers  than  thefe .  How  tbefe 
Attractions  may  be  performed ,  /  do 
not  here  corfider.  What  I  call  At¬ 
traction  may  be  performed  by  Impulfe 
(not  Bod  ly  Impulfe)  or  by  fome  o~ 
ther  A'jear.s  unknown  to  me.  I  ufe 
that  Word  here,  to  fignify  only  in  ge¬ 
neral  any  Force  by  which  Bodies 
tend  towards  one  another,  what  fever 
be  the  Caufe .  For  we  mujl  learn 
from  the  Phenomena  of  Nature ,  what 
Bodies  attradt  one  another,  and  what 
are  the  Laws  and  Properties  of  the 
Attradtion,  before  we  inquire  tie 
Caufe  by  which  the  Attradtion  is 
performed.  Ike  A of  Gra¬ 
vity ,  Magnet:  fm  and  EleRricity  reach 
to  very  fnfible  Dlfances,  and  fo  have 
been  observed  by  vulgar  Eyes  j  and 
there  may  be  others ,  wbichr^each  to  fo 
fmall  Dijlantei  as  hitherto  rfcape  Ob - 
fervation  j  and  perhaps  eleRrical  At¬ 
tradtion  may  reach  to  fuch  fmall  Dif- 
tances,  even  without  being  exiited  by 
Fritlicn .  Newt  Opt.  p.  350. 

It  feems.  to  me  farther,  that  thefe 
P articles  ( of  Matter)  have  not  on y 

a  vis 
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Obfcurity.  That  they  are  obfcure,  is  very  evident ;  for 
if  we  take  a  Loadftone,  for  Example,  It  is  manifeft  to 
all  the  World,  that  to  fay  it  has  an  attractive  Vertue  or 
a  Sympathy  with  the  Iron,  does  not  at  all  explain  the  Na¬ 
ture  or  the  Properties  of  it.  And  as  to  the  Fear  of  a  Va¬ 
cuum,  I  referve  the  Notion  of  that  to  the  following 
Chapter,  where  we  fhall  compare  the  Reafoning  of  the 
Antients  and  our  own  together. 


a  vis  Inertiae,  accompanied  with  Jucb 
pajfi  me  Laws  of  Motion,  as  naturally 
refult  from  that  Force  j  but  alfo  that 
they  are  moved  by  certain  aElive 
Principles,  fucb  as  is  that  (Attra¬ 
ction  which  we  call  the  Attraction) 
of  Gravity,  and  that  which  caufes 
Fermentation ,  and  the  Cobefton  of 
Bodies.  Thefe  Principles  l  confider 
not  as  occult  Qualities  fuppofed  to  re¬ 
fult  from  the  Specifick  Forms  of 
Things,  but  as  general  Laws  of  Na¬ 
ture,  by  which  the  Things  tbemf elves 
are  formed  :  Their  Truth  appearing 
to  us  by  Phanomena  though  their 
Caufes  be  not  yet  difcomered.  For 
thefe  are  manifeji  Qualities,  and  their 
Caufes  only  are  occult.  And  the 
Aristotelians  gave  the  Name  of  occult 
Qualities  not  to  manifeji  Qualities, 
but  to  fucb  Qualities  only  as  they 
fuppofed  to  lie  hid  in  Bodies,  and  to 
be  the  unknown  Caufes  of  manifeji 
EffeEls  :  Such  as  would  be  the  Caufes 
of  Gravity,  and  of  magnetiek,  and 
eleElrick  AttraElions,  and  of  Fermen¬ 
tations,  if  we  (hould  fuppofe  that  tbefe 
Forces  or  A  Elions  arife  from  Qua¬ 
lities  unknown  to  us,  and  incapable 
of  being  difcovered  and  made  mani¬ 
feji.  Such  occult  Qualities  put  a 
Jlop  to  the  Improvement  of  natural 
Pbilofopby,  and  therefore  oflateYears 
have  been  rejeEled.  To  tell  us  that 
every  Species  of  Things  is  endowed 
with  an  occult  Specifick  Quality  by 
which  it  aEls  and  produces  manifeji 


EffeEls,  is  to  tell  us  nothing.  But 
to  derive  two  or  three  general  Prin¬ 
ciples  of  Motion  from  Phanomina,  and 
afterwards  to  tell  us  bow  the  Pro¬ 
perties  and  AElions  of  all  corporeal 
Things  follow  from,  tbofe  manifeji 
P rinciples , would  he  a  very  great  Step 
in  Pbilofopby,  though  the  Caufes  of 
tbofe  Principles  were  not  yet  difeover- 
ed  :  And  therefore  1  fcruple  not  to 
propofe  the  Principles  of  Motion  a- 
beve- mentioned,  they  being  of  very 
general  Extent ,  and  leave  their  Cau¬ 
tes  to  he  found  out .  Id.  Ibid# 

P'  374# 

—  We  have  the  Authority  of  the 
oldeft  and  mojl  celebrated  Pbtlofopbers 
of  Greece  and  Phoenicia,  who  made 
a  Vacuum  and  Atoms ,  and  the  Gra¬ 
vity  of  Atoms,  the firjl  Principles  of 
their  Phi  l of  op  by  ;  tacitly  attributing 
Gravity  to  fome  other  Caufe  than  denfe 
Matter.  Later  Pbilofopbers  banijb 
the  Confi derations  of  fucb  a  Caufe  out 
of  natural  Pbilofopby ,  feigning  Hy- 
pothefes  for  explaining  all  Things  me¬ 
chanically,  referring  other  Caufes  to 
Metaphyfcki.  Whereas  the  mam 
Bufinefs  of  Natural  Pbilofopby  is  to 
argue  from  Phenomena  without feign¬ 
ing  Hypotbefes,  and  to  deduce  Caufes 
from  EffeEls,  till  we  come  to  the  very 
Firjl  Caufe ,  which  certainly  is  not 
Mechanical,  and  not  only  to  unfold 
the  Mechanifm  of  the  World,  but 
chiefly  to  refolve  Thefe  and  fuch  like 
Queflions ,  &c.  Id.  Ibid.  p.  34.3. 
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CHAP.  XII. 

Of  fuch  Motions  as  are  commonly  afcribed  to  the  Fear 

of  a  Vacuum. 


x.  mat 

•was  origi¬ 
nally  meant 
by  the  Fear 
of  a  Va¬ 
cuum* 


2.  Row  the 
Senfe  of  this 
bat  been  cor¬ 
rupted. 


'T1  HERE  is  no  Subject  more  capable  of  fhowing  us 
-*•  the  Difference  betwixt  true  and  falfe  Philofophy,  or 
at  leaft  betwixt  Reafoning  juftly  and  not  juftly,  than  this  : 
For  we  lee  manifeftly,  that  the  one  leads  us,  if  not  to 
the  T ruth,  yet  to  fo  great  an  Appearance  of  T ruth,  that 
the  Mind  acquiefces  in  it ;  but  the  other  gives  us  only 
Words,  which  we  can  form  no  Idea’s  from.  For  Proof 
of  This,  let  us  take  for  inftance  a  Syringe ,  one  End  of 
which  being  put  into  the  Water,  and  the  Sucker  drawn, 
let  us  hear  how  the  Antients  reafoned  about  it.  Firft, 
They  obferved,  that  there  could  be  no  Vacuum  in  Nature; 
then  they  confidered,  that  there  would  be  one,  if  the 
Sucker  were  drawn,  and  no  Water  followed  ;  whence 
they  concluded,  that  the  Water  ought  to  enter  in  propor¬ 
tion  to  the  drawing  the  Sucker ;  and  hence  they  faid  the 
"Water  afcended,  left  there  fhould  be  a  Vacuum. 

2.  Afterwards,  the  Manner  of  the  Exprellion  was 
changed,  without  altering  the  Notion  ;  and  it  was  faid, 
that  the  W ater  afcended,  for  fear  there  fhould  be  a  Va¬ 
cuum  in  Nature  :  And  this  Exprellion  being  equivocal,  it 
was  taken  in  a  bad  Senfe  ;  and  as  it  is  cuftomary  to  carry 
Things  to  Extremity,  the  Word  Fear  was  changed  to 
Horrour  ;  fo  that  it  was  affirmed,  that  the  Water  afcend¬ 
ed,  out  of  the  Horrour  which  Nature  had  of  a  Vacuum ,  as 
if  Nature  (in  the  Senfe  that  Philofophers  underhand  that 
Word)  was  capable  of  Horrour. 

3.  The  Fear  of  a  Vacuum  in  this  latter  Senfe,  is  very 
ridiculous  ;  wherefore  I  am  apt  to  think  that  the  Philofo¬ 
phers  took  it  in  the  former  Senfe  only  :  But  which  way 
fo  ever  it  be  underftood,  it  does  by  no  means  anfwer  the 
Queftion  ;  any  more  than  it  would,  if  any  one  fhould 
ask,  how  Wood  came  from  very  remote  Parts  to  Faris , 
and  it  fhould  be  anfwered,  it  came  out  of  the  Fear  of  Cold ; 
this  is  no  Anfwer  to  the  Queftion  $  becaufe  the  final 
Caufe  is  alledged  inftead  of  the  efficient  Caufe,  which  was 
the  Thing  demanded. 


' 

4.  How- 
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4.  However,  if  the  Reafoning  of  the  Antients  were  4-  Wat  the 
juft,  and  built  upon  a  good  Foundation,  though  it  could  *eafonin£ 
not  make  us  underftand  how  the  Water  afcends,  that  is,  tbZiTelZZf 
explain  to  us  the  efficient  Caufe  of  fuch  Afcent ;  yet  it  a  Vacuum, 
fhould  prove,  at  leaft,  that  it  ought  to  afcend  ;  and  their 
Reafoning  fhould  agree  with  Experience.  And  that  you  ZZb  E*pZ 
~may  fee  that  it  is  defective  here  alfo,  it  is  to  be  obferved ;  «*»«. 
that  if  the  foie  Reafon,  why  any  Space  is  filled,  is  for 

fear  there  fhould  be  any  Vacuum  in  Nature,  and  this 
makes  the  Water  afcend;  as  this  Reafon  is  always  the 
fame,  it  will  follow,  that  the  Water  ought  always  to  af¬ 
cend,  fo  long  as  the  Sucker  of  the  Syringe  is  drawing, 
be  it  never  fo  long ;  now  Pumps  being  only  long  Sy¬ 
ringes,  they  ought  to  raife  up  Water  to  any  Height  what- 
foever;  yet  Experience  {hews  us,  that  we  cannot  by 
Pumps,  raife  it  above  One  and  thirty  Feet  and  a  half, 
after  which,  the  Water  flops,  and  will  not  follow  the 
Sucker.  Whence  we  ought  to  conclude,  that  the  fear  of 
it  Vacuum,  taken  in  the  moft  favourable  Senfe  pofiible, 
is  not  at  all  the  Caufe  of  the  Waters  afcending,  •  fince  it 
does  not  agree  with  Experience. 

5.  Having  feen  the  Defeft  of  the  Reafoning  of  the  5.  yartout 
Antients,  let  us  fee  if  we  can  fay  any  Thing  better  found-  Suppojitions 
ed.  And  that  I  may  not  be  guilty  of  the  fame  Fault;  I  t0  e*Plain 
fhall  offer  fome  Particulars,  which  are  very  clear  and  way,™  * 
intelligible  to  all  the  World,  in  order  to  draw  fome  cer¬ 
tain  and  undoubted  Confequences  from  a  Foundation 

which  cannot  be  contefted. 

6.  Let  us  fuppofe  firft.  That  fome  Body  endeavours  6t  7 he  fir  ft 
to  draw  the  Sucker  from  the  Bottom  of  the  Syringe  Suppo/itioZ 
ABC,  the  Hollow  of  which  it  exactly  fits,  that  the  whole  Tab>  h 
Syringe  is  in  the  Air,  and  that  the  Hole  C  is  open :  This  Flg*  6‘ 
being  fuppofed,  it  is  evident,  that  the  Sucker  D  cannot 

be  drawn  towards  E,  but  it  will  pufh  the  Air,  which  will 
pufh  that  beyond  it,  ’till,  as  was  faid  above,  it  turns  in 
the  Lines  here  defcribed,  or  fome  fuch  like,  in  order  to 
enter  into  the  Place  from  whence  the  Sucker  was  drawn  ; 
whence  it  follows,  that  the  Air  was  moved  by  a  real 
Impulfe. 

7.  Let  us  fuppofe  Secondly,  That  the  Hole  at  C,  7.  TheSe- 
were  flopped,  and  that  there  were  no  Pores  either  in  the  Suppo. 
Syringe  or  the  Sucker ;  In  this  Cafe,  I  fay,  (1)  it  would 

(1)  It  would  be  impojfible)  This  Sucker,  as  can  life  the  whole  Weight 
would  indeed  be  true,  if  the  World  of  the  incumbent  Air.  Nor  need 
were  full :  But  becaufe  we  have  af,  we  here  trouble  our  felves  with  an* 
firmed  it  to  be  otherwife ;  fo  much  occult  Pores  or  fubdle  Matter. 

Force  only  is  required  to  draw  the 


be 
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8  •  The  Third. 
Suppojition, 


g.  That  the 
greateji  Part 
of  terrejlria  l 
Bodies  have 
Pores,  and 
that  the  Air 
confijls  of 
two  Sores  of 
Particles, 


10.  Another 
very  conji. 
derabie  Ex¬ 
periment  j 
and  that  the 
Air  is 
weighty. 
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be  impoffible  to  draw  the  Sucker,  the  leaft  that  can  be, 
becaufe  the  World  being  full,  the  Air  which  ought  to 
pufh  the  Sucker,  would  have  no  Place  to  go  to. 

8.  On  the  other  hand,  Let  us  fuppofe,  that  the  Syringe 
thus  flopped,  has  Pores,  though  fo  very  fmall,  as  not  to 
be  perceived  by  our  Senfes,  and  that  amongft  the  Particles 
of  the  Air,  there  are  fome  fo  fubtle,  as  to  be  able  to  en¬ 
ter  thefe  Pores.  This  being  fuppofed,  there  i$  no  Reafon 
why  the  Sucker  may  not  be  drawn,  though  the  Hole  at 
the  Bottom  of  the  Syringe  be  flopped :  For  then  the  Sucker 
may  make  Room  for  it  felf,  by  preffing  the  grofler  parts 
of  the  Air,  and  by  fqueezing  out  the  fubtle  Parts,  which 
are  forced  to  enter  the  Syringe. 

9.  In  order  to  know  whether  the  Sucker  of  the  Syringe 
can  be  drawn  when  the  Hole  at  the  lower  End  is  flop¬ 
ped  ;  we  muft  fir  ft  know,  whether  the  Syringe  or  the 
Sucker  have  any  Pores  in  them  or  no ;  and  after  that,  whe¬ 
ther  there  be  any  Particles  in  the  Air  fubtle  enough  to 
enter  in  at  thefe  Pores  :  For  according  to  one  or  other  of 
thefe  Suppofitions,  will  the  Thing  bepoffible  or  not  pof- 
flble  And  becaufe  neither  of  them  can  be  determined 
by  our  Senfes  or  by  Reafon,  and  there  being  no  Contra¬ 
diction  in  either,  it  muft  be  decided  by  Experience;  now 
we  find  by  Experience,  that  (1)  if  the  Syringe  be  not  too 
thick,  we  can  draw  the  Sucker  without  much  Difficulty ; 
from  whence  it  is  evident,  that  their  are  Pores  either  in 
the  Syringe,  or  in  the  Sucker,  or  rather  in  both  of  them  j 
and  that  amongft  the  grofs  parts  of  the  Air,  there  are  fome 
fo  fine,  as  to  pafs  through  the  Pores  of  moft  terreftrial 
Bodies. 

10.  This  Experiment  helps  us  to  another  very  confide- 
rable,  which  is,  that  if,  after  we  have  drawn  the  Sucker 
a  little,  we  let  it  go  again,  it  returns  of  it  felf,  and  that 
with  fuch  a  Force,  as  to  ftrike  againft  the  Bottom  of  the 
Syringe  ;  the  Reafon  of  which  we  fhall  fee,  if  we  remem¬ 
ber  that  a  Body  never  begins  to  move  of  it  felf,  if  it  be 
not  pulhed  by  another  which  immediately  touches  it ; 
now,  if  we  obferve,  that  there  is  nothing  but  the  Air, 
that  immediately  touches  the  Sucker,  we  muft  think  that 
it  is  the  Air  that  caufes  this  furprizing  Motion  ;  for,  con- 

(1)  If  the  Syringe  he  not  toe  thick)  greater  it  is,  fo  much  a  greater,  and 
The  Thicknefs  of  the  Syringe  figni-  conftquently  fo  much  a  heavier  Co- 
fits  nothing  (nor  the  occult  PaiTages,  lumn  of  Aii  muft  it  fuftain.  But  the 
*or  the  fubtle  Matter,  as  was  laid  on  Author  may  be  excufed ,  if  he  means 
the  Article  above  5)  but  the  Thick  -  the  Bignefi  of  the  whole  Syringe, 
nefs  of  the  Sucker  j  which  the 

fidering 
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fidering  that  the  Air  always  contains  in  it  a  great  Quan¬ 
tity  of  the  Particles  of  Water,  and  other  terreftrial  Bodies, 
which  though  they  be  feparated  from  each  other  and  dif- 
perfed,  yet  do  not  lofe  any  of  their  Weight ;  (though  we 
do  not  fully  underftand  the  particular  Nature  of  the  Air, 
nor  in  what  its  Weight  confifts;)  we  fhall  make  no  Dif¬ 
ficulty  to  aflert ;  that  the  grofier  Air  is  heavy,  and  confe- 
quently,  that  by  its  Weight,  the  Sucker  is  forced  into  the 
Syringe,  from  whence  it  fqueezes  out  the  fubtil  Matter 
through  thofe  Pores  which  it  felf  entered  in  at. 

11.  But  though  the  Air  by  its  own  Weight,  preffes  1 1  •  rha\ tbe 
chiefly  downwards,  yet  this  does  not  hinder,  but  that  it 

may  alfo  prefs  upwards,  and  force  the  Sucker  of  the  in -prefs  up . 
verted  Syringe  up  into  the  Syringe  ;  for  the  Column  of wards* 

Air  which  anfwers  to  the  Bottom  of  the  Sucker,  is  forced 
upwards  by  the  Weight  of  thofe  Columns  of  Air  which 
are  on  the  Sides,  in  the  fame  manner  as  the  Water  which 
is  at  the  Bottom  of  a  heavy  laden  Boat,  is  prefled  upwards 
againft  the  Bottom  which  refifts  it,  by  the  Weight  of  the 
Water  which  is  of  confiderable  Height  round  the  Sides. 

12.  When  we  once  underftand  this  Force  of  the  Air  to  12.  Why  we 
prefs  upwards,  we  fhall  not  at  all  wonder,  that  when  we  dt°b^{‘elht 
hold  our  Hand  flat  in  the  Air,  we  do  not  feel  the  0f  the  mum- 
Weight  of  it;  that  is,'  we  do  not  perceive  our  Hand  bent  Air. 
prefled  downwards,  by  the  Weight  of  the  Column  of  Air 

which  is  upon  it :  For  this  Column  has  no  more  Force  to 
prefs  it  downwards,  than  the  Column  which  is  underneath 
has,  to  prefs  it  upwards. 


13.  As  to  the  Prefliire  which  is  made  all  over  the  Body,  13.  Why  we 
when  it  is  immerfed  in  a  heavy  Liquid  ;  it  is  certain,  that  do  not  feel 
we  ought  not  to  perceive  it,  ( 1)  though  the  Weight  of  the 
Liquid  be  very  great,  any  more  than  we  do  the  Prefliire  and  alfo  why 

Divers  do 
not  feel  the 

dons,  Nerves ,  Membranes  and  Muf-  ^e‘Sbt  °f 
cles  ;  and  others  that  are  Fluid,  Wa-  tbe  ]Vater* 


fl)  'Though  the  Weight  of  the  Li - 
quid  be  very  great )  The  Caufe  of 
this  is  excellently  well  explained  by 
Jo-  Alpb.  BortUus,  de  Motibus  Nat. 
a  Gravitate facliz,  prop .  29.  &  feq. 
After  he  had  fhown,  that  Sand  in  a 
very  ifrong  Veffel,  cannot  any  way 
be  divided,  and  that  a  Wedge  will 
by  no  means  enter  into  it ;  and  alfo 
thatWater  in  a  Bladder,  equally  com- 
preffed  on  all  Sides,  can  neither  be 
ftreightened  nor  bent,  nor  at  ali  mo 


try  or  Oily.  Now  tbe  Bones  in  an 
Animal  cannot  be  broken  or  disjoint * 
ed,  unlefs  tbe  incumbent  Weight  pref  - 
fes  oneWay  only ,  as  it  does  on  Porters  ; 
But  if  the  Prcjfure  dijfujei  it  felf  all 
round,  fo  as  to  prefs  upwards  and 
downwards, and  Jideways.with  equal 
Force,  fo  that  there  be  no  part  of  the 
Skin  but  'what  is  prtfedj  then  it  is 
impojfible,  that  any  "Thing  fhould  be 


ved  :  So  likewife,  fays  he,  in  tbe  Bo -  feparated  or  put  out  of  the  Way.  The 

dy  of  an  Animal ,  there  is  contained  fame  may  be  fatj  of  the.  Nerves  and 
within  the  Skin ,  feme  Parts,  which  Mufcles ,  which  tho'  they  be foft,  yet 

are  bard  and  folid,fuch  as  tbe  Bones  $  becaufe  they  conjijl  of  ftrong  and  tough 
others  that  are  foft,  fucb  as  tbe  Ten •  Fibres,  they  can  all  fupport  one  ano¬ 
ther , 
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of  the  Water,  when  in  diving  into  the  Sea,  there  are  ma¬ 
ny  Fathom  of  it  over  our  Heads.  The  Reafon  of  which 
is ;  that  before  we  can  feel  the  Weight  of  any  Body,  there 
Jnuft  be  fome  Alteration  made  in  the  Difpofition  of  our 
Organs.  But  when  the  Air  or  Water  have  made  all  the 
Efforts  they  are  capable  of  to  prefs  or  thruft  inwards  the 
external  and  grofler  Parts  of  our  Body,  and  thefe  Forces 
are  counterbalanced  and  put  in  aquiltbrio ,  by  the  Refift- 
ance  and  Effort  of  the  Fluids  and  moveable  Parts  within 
us,  the  Action  of  which  we  are  infenfible  of ;  after  this, 
I  fay,  they  can  do  no  more,  and  confequently  the  State 
of  our  Body  will  not  be  changed,  nor  the  Difpofition  of 
'  rts  Organs,  to  which  they  are  fo  uniformly  applied,  and 
with  fuch  equal  Forces,  that  no  one  fingle  Part  can  move 
outwards,  to  give  way  for  any  other  to  be  thruft  inwards ; 
and  therefore  the  Effort  which  they  continually  make  to 
prefs  us  inward,  is  rendered  ineffectual. 


thir,  and  refift  an  univerfally  diffufed 
fphcerical  Compreffion  ;  the  fame  may 
'alfo  be  fa  id  of  the  Blood  and  other 
Humours  of  an  Animal ,  'which  are  of 
awatry  Nature  $  for,  at  it  is  evi¬ 
dent,  that  Water  cannot  be  condenfed, 
fo  hkewife  the  Humours  of  an  Animal , 
contained  in  the  Cavities  of  its  Vejfels , 
tbo'  they  may  be  bruifed  by  an  Impulfe 
made  from  one  or  a  few  particular 
Places,  yet  they  can  never  be  forced 
out  of  their  Vejfels,  or  torn  afueder  by 
an  univerfal  Compreffion  every  Way, 
So  long  therefore  as  the  Solid,  Tendi¬ 
nous,  or  Flefhy ,  or  Liquid  Parts,  do 
not  undergo  any  Separation,  Contuji- 
on,  nor  are  disjointed,  nor  their  Situa¬ 
tion  at  all  changed ;  it  is  impojjible, 
that  any  Pain  or  Uneafinefs  / 'hould 
follow  in  the  Animal,  which  cannot 
csnfe  from  any  other  Caufe,  but  fepa- 
rating  that  which  it  one  continued 
1 Thing .  Wherefore  when  Divers,  &c. 
And  this  is  confirmed  by  what 
the  famous  Mr.  Boyle  obferved,  in 
hit  Second  Appendix  to  the  Eleventh 
Hydrojlatick  Faradox,  viz.  that  a 
Tadpole,  an  Animal  whole  Flefh  is 
very  tender  and  foft ,  put  into  a 
Veflfel  half  full  of  Water,  lb  clofed 
up,  that  the  Air  contained  in  it, 
being  condenfed  eight  times  as  much 
as  in  its  natural  State,  prefled  upon 
the  Water  as  much,  as  if  a  Column 
of  Water  of  Three  hundred  Feet  in 
He'ght  laid  upon  the  Animal  j  mo¬ 
ved  it  felf  notwithftanding ,  and 
fwam  about  very  quick,  and  found 


no  Inconvenience,  that  could  be  per* 
ceived. 

However,  becaufe  in  moft  Ani¬ 
mals  there  is  a  great  deal  of  Air, 
which  may  eafily  be  compreffed  and 
condenfed  j  therefore,  though  no  par¬ 
ticular  Member  is  disjointed,  when 
an  Animal  is  immerfed  very  deep 
in  Water,  yet  they  muft  all  of  them 
neceflarily  be  ftreightned  and  con¬ 
tracted,  by  the  equal  Weight  and 
Prefifure  of  the  incumbent  Water  on 
all  Sides,  as  the  famous  Mr.  Boyle 
fays,  happened  to  the  Tadpole  in  the 
forementioned  Experiment. 

Befides,  thofe  Animals,  whofe 
Lungs  are  fo  formed  as  to  contain 
a  great  deal  of  thin  Air  and  Breath 
in  them,  though  the  other  Parts  of 
them  be  not  at  all  hurt,  yet  their 
Breafts  muft  of  needfiry  be  ftreight¬ 
ned  and  contracted ,  in  the  fame 
manner,  as  the  Cork  is  ufually  thruft 
into  an  empty  Bottle,  by  the  Weight 
of  the  Water,  when  it  is  funk  very 
deep.  Therefore  Men,  whofe  Lungs 
are  very  large,  when  they  dive  very 
deep  into  the  Sea,  though  they  find 
no  manner  of  Inconvenience  in  any 
other  Part  of  their  Bodies,  yet  they 
labour  under  a  D.fficulty  of  Breath, 
ing,  and  a  Pain  in  their  Breaft, 
(though  they  have  Air  enough  con¬ 
veyed  co  them  to  breathe  )  And  thus 
the  famous  Mr-  Beyle  tells  us  of  a 
certain  Diver,  that  when  he  walked 
at  the  Bottom  of  the  Sea,  the  Blood 
flew  out  at  his  Note  and  Eyes, 

14.  Let 
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14.  Let  us,  in  the  fourth  Place,  Suppofe  the  Sucker 
which  is  in  the  Syringe,  as  far  as  it  can  be  thirft,  to  be 
drawn  when  the  Hole  C  at  the  Bottom  is  in  the  Water ; 
it  fhould  feem  as  if  the  Air  which  the  Sucker  that  is 
drawn  prefles  upon,  ought  to  prefs  upon  the  Water,  and 
make  it  to  rife  in  the  Syringe,  becaufp  it  overtakes  it,  in 
the  way  which  we  fuppofed  it  to  go,  in  order  for  it  felf  to 
enter  in,  if  the  End  of  the  Syringe  had  been  in  the  Air, 
and  not  in  the  Water,  and  that  it  ought  to  afcend  as  far  as 
the  Sucker  is  drawn.  But  there  is  no  Necelfity  that  this 
fliould  always  happen;  For  having  made  it  appear,  that 
both  the  Syringe  and  the  ^Sucker  are  full  of  Pores,  and 
that  the  Air  is  full  of  Matter,  fubtle  enough  to  pafs  through 
them  ;  and  alfo  that  the  Water,  by  reafon  of  its  Weight 
afcends  with  greater  Difficulty  ;  the  Sucker  may  poffibly 
be  drawn,  and  the  Water  not  neceffiarily  afcend,  to  fill 
the  Syringe,  becaufe  it  was  filled  before  with  that  fubtil 
Matter,  intermixed  with  the  Air.  However,  Experience 
fhows  us,  that  the  Water  does  afcend,  and  that  the  Sy¬ 
ringe  is  filled  with  it,  and  not  with  the  fubtie  Matter, 
at  leaf!  to  the  Height  of  One  and  thirty  Feet  and  a  half, 
but  no  further.  The  Reafon  of  which  is,  that  the  Air 
being  heavy,  prefles  upon  the  whole  .Superficies  of  the 
Water  in  which  the  End  of  the  Syringe  is  immerfed  ; 
and  when  the  Sucker  is  drawn,  the  \Vater  which  anfwers 
to  the  Hole  in  the  End,  not  being  preffed  by  the  incum¬ 
bent  Air,  the  Weight  of  that  which  prefles  upon  the  reft 
of  the  Surface,  thrufts  it  up,  and  makes  it  afcend  in  the 
Syringe;  in  the  fame  Manner,  as  the  Water  in  a  Pail  is 
made  to  afcend  up  a  Trunk,  fuch  as  they  fhoot  with, 
open  at  both  Ends,  and  one  End  fixed  in  a  Hole  in  a 
Trencher  which  exactly  fits  the  whole  Superficies  ;  upon 
depreffing  the  Trencher,  the  Water  is  forced  up.  In  like 
Manner,  the  Moving  of  the  Sucker,  is  the  general  Caufe 
of  the  Entrance  of  fome  Matter  into  the  Place  which  it 
leaves ;  but  tire  Weight  of  the  Air  determines  the  parti¬ 
cular  Matter. 

15.  Since  we  find  by  Experience,  that  the  Sucker  of  a 
Syringe  may  be  drawn,  when  the  Ilole  at  the  End  is  flop¬ 
ped,  this  is  fufficient  to  convince  us,  that  the  grofler  Air 
is  not  of  an  infinite  Weight ;  for  if  it  was,  it  would  be 
impoffible  to  draw  it ;  which  being  fo,  it  is  eafy  to  forefee, 
that  the  Air  by  its  Weight  cannot  raife  the  Water  in  a  Sy¬ 
ringe  above  a  determinate  Height ;  fo  that  if,  after  this 
Height,  we  continue  to  draw  the  Sucker,  the  Syringe,  in- 
ftead  of  being  filled  with  Water  will  be  filled  with  fubtle 

Matter, 
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Matter,  as  was  before  obferved  in  Pumps  :  And  fince 
the  Water  always  rifes  to  about  the  Height  of  Thirty  one 
Feet  and  a  half,  above  the  Level  in  which  the  End  of 
the  Pumps  is  immerfed,  we  ought  to  conclude,  that  a 
Column  of  Water  of  this  Height,  weighs  as  much  as  a 
Column  of  Air  of  equal  Thicknefs,  which  reaches  to  the 
upper  Surface  where  the  groffer  Air  terminates. 

1 6-Tbat  we  1 6.  If  the  Sucker  of  the  Syringe  flips  very  eafily  along 

Relive* the  t^e  concave  Surface,  againft  which  it  rubs,  and  if  it  had 
Weight  of  no  Weight  at  all,  the  Air  would  very  eafily  be  drawn  in; 
the  Air  that  becaufe  there  is  juft  as  much  Force  to  thruft  it  upwards, 
as  there  is  Weight  upon  the  Sucker  to  thruft  it  down- 
ringe ;  but  wards :  But  if  Water  or  any  other  heavy  Liquor  is  to  be 
we  ought  to  railed  ;  there  muft  then  be  as  much  Force  ufed,  as  is  e- 

Pthat7fthe  flual  to  the  Weight  of  the  Liquor  to  be  raifed;  becaufe 
Water.  the  Liquor,  tending  downward,  bears  upon  the  Air,  which 
prefles  againft  the  Bottom  of  the  Sucker,  and  takes  off  fo 
much  of  the  Force  it  had  to  make  it  rife. 

1 7.  When  a  17.  T  here  may  be  many  Confequences  drawn  from 
*lube  filed  what  has  been  faid  of  the  Syringe,  which  if  they  be  a- 
rgLTr  greeabIe  to  Experience,  are  fo  many  Confirmations  of  the 
empty  it  fe!f.  Truth  of  our  Explication.  For  Proof  hereof,  let  us  fup-  . 

pofe,  for  Example,  that  aftei*  having  filled  a  Tube  with 
Water,  one  End  of  which  is  ftopped  with  the  Matter 
of  which  it  is  made  (which  they  call  hermetically  fealed) 
and  the  other,  with  the  End  of  one’s  Finger,  we  put  the 
End  of  the  T ube  which  is  ftopped  with  our  Finger  into 
a  Vefiel  of  Water,  and  then  take  our  Finger  away  ; 
This  being  fuppofed,  if  we  confider  that  the  Air,  which 
prefles  upon  the  Water  in  the  Veffel,  refills  the  defeent 
of  that  which  is  in  the  Tube,  we  may  forefee,  that  if 
the  Tube  be  not  above  One  and  thirty  Feet  and  a  half 
long,  it  will  not  empty  itfelf  at  all ;  but  if  it  be  longer, 
the  Water  ought  to  defeend  till  there  is  One  and  thirty 
Feet  and  a  half  in  the  Tube,  and  then  flop,  becaufe  the 
Air  has  only  F orce  enough  to  counterpoife  fuch  a  Quan¬ 
tity  :  And  this  is  agreeable  to  Experience. 

1 8  7hat an  ^  18.  We  here  fuppofe,  that  the  Tube,  which  is  above 
inclined  tube  Thirty  one  Feet  and  a  half  long  is  held  upright,  and  does 

Tfinmon"'  not  indine  cne  way  or  tIle  other :  For  if  it  inclines  any 
Water  than  way5  then,  becaufe  the  concave  Surface  of  the  Tube 
**  upright  fuftains  part  of  the  Weight  of  the  Water,  for  that  Rea- 
fon,  the  Water  will  not  have  fo  much  Force  to  defeend 
as  it  has  ordinarily ;  and  fo  the  Air  is  able  to  fupport  a 
greater  Quantity  than  One  and  thirty  Feet  and  a  half  in 
,  the 
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the  Tube ;  that  is  to  fay,  according  to  the  Laws  of  Me - 
chanicksy  if  the  Water  in  the  inclined  Tube  begins  to  de- 
fcend,  it  will  Hop,  when  the  upper  Surface  of  it,  is  One 
and  thirty  Feet  and  a  half  perpendicular  above  the  Su¬ 
perficies  of  the  Water  in  the  VefTel ;  and  fo  we  find  it 
does. 


19.  And  it  is  remarkable,  that  if  we  make  ufe  of  Tubes  rg.  That  the 
of  different  thickneffes,  and  VefTels  of  different  breadth,  t0  equal 
there  is  no  difference  in  the  Height  of  Water  contained  Height  m 
in  the  Tubes :  For  fince  the  Water  which  is  in  eachTube, 
poffeffes'the  Place  of  that  Quantity  of  Air,  which  laid 

upon  the  fame  Part  of  the  Superficies  of  the  Water  in  the 
VefTel ;  it  cannot  but  be  in  aquilibrio  with  the  Air  with¬ 
out,  becaufe,  it  weighs  jull  as  much  as  that  whofe  Place  it 
poffeffes.  And  thus  it  is  in  all  T ubes  whatfoever,  the  W a- 
ter  rifes  to  the  fame  height,  which  we  fee  by  Experience 
in  a  particular  Tube,  that  it  ought  to  rife  to  ;  for  as  thefe 
different  Columns  of  Water  are  of  the  fame  height  ;  if 
that,  for  Inftance,  which  is  four  times  as  thick  as  another, 
weighs  four  times  as  much  as  that  other  ;  then  the  Co¬ 
lumn  of  Air,  the  Place  of  which  this  grofs  Column  of 
Water  pofieffes,  weighs  four  times  as  much  alfo. 

20. Neither  ought  we  to  find  any  difference  in  the  Height  *°;  C]r',at 

of  the  Water  which  is  m  the  Tube,  whether  the  itxpe-  no  Alteration 
riment  be  made  in  the  open  Air,  or  in  a  Chamber,  pro-  made  in  the 
vided  there  be  a  Window  in  it,  or  at  leaft  any  Chink 
through  which  the  Air  can  enter ;  for  according  to  the  Experiment 
Laws  of  Mechanicks,  the  Weight  of  the  Air  is  juft  the  ^  made  in  a 
fame,  whether  it  preffes  perpendicularly,  or  v/inding,  or  n 

oblique. 

21.  Neither  ought  there  to  be  any  Difference  in  this 
Height,  if  after  the  Experiment  be  made,  the  Room  be 
entirely  clofed  up  ;  for  though  the  Column  of  Air  which  to  be  the 
fupported  it  before,  by  preding  upon  the  Liquor  in  the 
VefTel,  be  now  intercepted  by  the  Ceiling,  yet  that  part  wh:ch  the 
of  the  Column  of  Air  which  is  below  the  Ceiling,  prelles  Experiment 
as  much  upon  this  Liquor  as  it  did,  when  it  bore  the 
Weight  of  the  Reft  of  the  Column,  becaufe  the  Refift-y^^. 
ance  of  the  Ceiling  does  as  it  were  prefs  upon  it,  and  zz.  ibat  the 

hinder  it  from  expanding  it  felf.  ^he^afer 

22.  It  is  true,  that  if,  before  the  Experiment  be  made,  ought  to  be 
the  Chamber  be  fo  exadfly  fhut  up,  that  the  Air  within 

has  no  Communication  with  that  without,  then  the  Li-  hadbfn  en- 
quor  contained  in  the  T ube  ought  not  to  defcend  quite  fo  tirely  clofed 
far ;  becaufe  as  the  Tube  empties,  and  the  Liquor  in  the  UP^ 

VefTel  rifes,  the  Air  which  is  in  the  Chamber  cannot  rife  in  (meent  * 

P i"0-  made. 
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Proportion :  Confequently  it  muft  be  condenfed,  and 
therefore  will  have  force  enough  to  fuftain  a  little  more 
Liquor  in  the  T ube ;  but  this  cannot  be  perceived,  un- 
lefs  it  be  a  very  little  Place  in  which  the  Experiment  is 
made. 

H.Tbat  23.  From  what  has  been  faid,  it  is  eafy  to  apprehend, 
tbat  inftead  of  Water,  any  other  Liquor  that  is  hea- 
remain  m the  yier  or  lighter  be  uled,  there  will  remain  more  or  lefs  of 
Tube,  above  it  in  the  T ube ;  fo  that  Mercury  or  Quick-filver,  which 
Twwtytfef ls  about  fourteen  times  as  heavy  as  Water,  ought  not  to 
ven  Inches  be  fuftained  by  the  Air,  but  to  about  Seven  and  twenty 
and  a  half.  Inches  and  a  half,  which  is  very  near  a  Fourteenth  Part 
of  the  Height  that  Water  is  fuftained,  and  the  reft  of  the 
Tube,  how  long  foever  it  be,  ought  to  be  filled  with 
fubtle  Matter.  And  this  is  confirmed  by  Experience. 

24.  "That  >  24.  But  that  the  Experiments  may  be  more  fenfible, 

a^em™***  tbe  "Pu^es  Should  be  made  of  Glafs,  becaufe  that  is  tranf- 
rxfily  made  parent :  And  Quick-filver  being  fo  heavy,  that  we  are  not 
wth  Quick,  obliged  to  have  Tubes  much  longer  than  Twenty  {even 
Ji  ver.  Inches  and  a  half,  their  Smallnefs  makes  them  more  eafy 
to  be  managed,  and  to  ob ferve  a  great  many  particulars, 
which  it  would  be  difficult  to  do  in  Tubes  that  are  very 
long. 

2?.  7 bat  25.  Firft  then,  This  may  give  Occafion  to  thofe  who 

Vacuum °in  believ?  the  Poffibilit7  of  a  Vacuum  to  obferve ;  That 
the  Top  of  there  is  no  Vacuum  in  the  Top  of  the  Tube ,  but  the  Place 
the  Tube,  which  is  left  by  the  Mercury,  is  filled  by  fome  Matter, 
becaufe  the  vifible  Objects  behind  the  T ube,  ( 1)  affedl  our 
Eyes  ftill,  and  are  as  plainly  fenfible  as  they  were  before, ' 
which  they  could  not  do,  if  there  were  a  Vacuum  j  be¬ 
caufe  their  Adfion  would  be  interrupted.  And  if  the  Eye 
were  placed  diredlly  againft  the  Tube,  we  ought  not  to 
fee  any  more  than  in  the  Dark,  or  then  if  an  opake  Bo¬ 
dy  were  between  ;  but  we  find  it  otherwife. 

26.  Another  26.  To  this  we  may  add,  that  (2)  Nothing  or  a  Vacuum 
Proof.  has  no  Properties,  and  that  if  we  put  the  Top  of  the 


(*)  djftt  our  Eyes)  It  don’t  at  all 
follow,  that  there  is  no  Vacuum  in 
the  lop  of  the 'Tube,  becaufe  the  Space 
out  of  wh  ch  the  Quick-filver  came, 
is  tranfparent  j  For  why  cannot  the 
Kays  of  Light,  pafs  through  an  en¬ 
tirely  void  Space  ?  On  the  otherHand, 
they  can’t  poflibly  pafs  through  a 
Space  that  is  quite  full:  See  what 
is  faid  of  the  Nature  of  Light,  in 
its  Place. 

(2)  Nothing,  or  a  Vacuum  bat  ntt 


Properties.)  It  is  very  true  indeed 
th*t  Nothing  has  no  Properties ;  but 
how  does  it  follow,  that  Space  which 
is  void  of  Matter ,  has  therefore 
Nothing  in  it,  or  is  it  felf  entirely 
Nothing.  But  it  may  be  allowed  that 
there  is  fome  finer  Matter  in  the 
Tcp  of  the  Tube,  or  perhaps  a  little 
Air  fiipt  under  theQuick-filver  which 
is  rarefy’d  fy  the  Heat  j  but  the 
Space  is  very  far  from  being  full. 


Tube 
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Tube  very  near  the  Fire,  we  perceive  a  Rarefaftion,  in 
the  fame  manner,  as  in  a  Thermometer,  which  makes 
the  Mercury  fall,  whence  it  follows,  that  there  is  fome 
real  Matter  in  it. 

27.  However,  it  is  eafy  to  fee  that  this  Space  is  not  full  27*  That  the 
of  common  Air  ;  for  if  the  Tube  be  not  quite  filled  with  ToP°f tbs 
Quickfilver,  but  an  Inch  or  two  be  left  for  Air,  and  flop-  2}|  */  Zf, 
ping  the  End  of  the  Tube  with  our  Finger,  it  be  invert-  ^r* 

ed ;  we  obfervethat  the  Quickfilver  defcends  flowly,  and 
we  have  time  to  fee  the  Air  afcend  in  the  Form  of 
Drops.  Whereas  let  the  Tube  be  entirely  filled  with 
Quickfilver,  and  immerfed  in  the  other  Quickfilver,  that  it 
may  empty  it  felfin  the  ordinary  way;  then  if  the  Tube  be 
flopped  with  the  Finger  and  inverted ;  the  Quickfilver  will 
not  fall  flowly,  but  all  at  once,  as  if  it  were  one  hard  Body, 
nor  fhall  we  perceive  any  Thing  to  afcend  through  it.  ‘ 

28.  For  a  further  Confirmation  of  this  Opinion,  viz.  r 

That  when  the  Quickfilver  defcends  from  the  Top  of  the  Tube ,  ■  Pr°°J ' 

it  is  not  filled  with  common  grofs  Air ,  we  may  obferVe ;  that 

if  the  Top  of  the  Tube  be  made  large,  in  the  Form  of  a 
Veflel,and  fome  Sort  of  Animals, as  Birds, Rats, and  Mice, 
be  put  into  it,  they  will  die,  in  a  very  fhort  time  ;  that 
others,  fuch  as  Flies,  feem  to  die,  but  being  preferved 
afterwards,  two  or  three  Days  in  a  more  temperate  Place, 
they  revive  and  fly  away  ;  and  others,  fuch  as  Worms 
and  Frogs ,  are  preferved  alive,  and  not  hurt,  unlefs  they 
continue  very  long  in  it. 

29.  It  may  here  be  demanded,  how  the  fubtil  Matter,  29- 
which  fills  the  Top  of  the  Tube,  gets  through  :  To  which  “nfat- 
it  may  be  anfwered;  that  it  feems  rather  to  pafs  through'  ter  which  is 
the  Pores  of  the  Glafs,  than  thofe  of  the  Quickfilver,  be-  in  tbe  loP 
caufe  the  Quickfilver  being  very  heavy,  the  Pores  of  it  mjypjff* 
feem  to  be  rather  too  fmall  for  it  to  pafs  through  them :  through.  ‘ 
Though  I  fhall  be  of  another  Opinion,  if  what  I  have 

heard  from  England  be  true,  viz.  (1)  that  a  Tube  of  fix 

Foot 

(l)  That  a  lube  of  fix  Foot  long)  much  beyond  tbe  foremertioned  Height 
This  Experiment  is  thus  related  by  (viz.  to  40,  50,  or  60  Inches  $  )  but 
the  famous  Dr.  Wallis ,  in  his  Hy-  if  tbe  leaf  Air  gets  into  tbe  Quick* 
drofiaticks,  Prop.  13.  If  tbe  Quick-  fiver  t  bus  fufpended,  or  if  tbe  lube, 
f  iver  fufpended in  an  inverted  lube,  be  Jhaks  n,  tbe  Quick,  Iver  will  im- 
be  very  exaRly  cleared  of  all  Air  be-  mediately  rujh  down  to  tbe  ujuul 
fore  it  be  inverted  ( which  cannot  be  Height  ( and  after  fome  Reciprccati- 
done  but  by  great  Care  and  Nictneft, )  ons'j  will  fand  (till, 
andif  tbe  Tube  be  cautioufy  invert -  Which  Experiment,  having  been 

ed,  and  fixed  in  a  firm  Place  fo  as  not  often  repeated  by  the  Lord  Brounkerp 
to  be  in  tbe  leaf  fhaken  ;  tbe  Quick-  the  famous  Mr.  Boyl,  Mr.  Huygens 
Jilver  [though  tbe  Orifice  at  tbe  Bot-  and  others,  has  fucceeded  j  fo  that 
tom  be  open)  ivtll  remain  fufpended,  there  is  no  doubt  of  the  certata  Truth 
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Foot  long,  will  not  empty  it  felf  at  all,  if  the  Quick- 
iilver  with  which  it  is  filled,  and  that  in  which  it  is  im- 
merfed,  have  flood  fome  time  in  a  Place  void  of  grofs 
Air:  For  in  inquiring  into  the  Reafon  of  this  Phaenome¬ 
non,  we  can  find  no  other  but  this,  that  the  Quickfilver 

thus 


of  the  Phaenomenon  $  but  upon  what 
Caufes  fo  furprizing  a  Thing  depends, 
is  not  fo  well  agreed. 

The  Lord  Brounker  thought,  that 
the  Weight  of  the  Air  was  much 
greater  than  anjwers  to  tbe  Height  of 
about  29  Inches  of  Quickfilver,  but 
that  the  Quickjilver  was  deprejfed  to 
that  Height,  by  the  Air  which  was 
invifibly  mixed  with  it  ( unlefs  it  was 
cleared  of  it.)  And  after  it  was 
cleared  of  it,  and  there  remained  no¬ 
thing  to  rejif  tbe  Weight  of  tbe  ex¬ 
ternal  Air,  but  only  the  bare  weight 
of  tbe  Quickfilver ,  then  it  was  found 
to  be  otberwife  ;  and  the  Quick fiver 
was  fupported  to  a  greater  Height,  by 
theBallance  of  the  Air .  This  is  in¬ 
deed  very  ingenious ;  but  that  which 
weakens  very  much  this  Explication, 
is,  that  upon  the  Jeaft  (haking  of  the 
Tube,  the  Quickfilver  immediately 
rufhes  down :  which  could  by  no 
means  be,  if  it  were  fupported  by 
an  equal  Weight  of  Air  or  ^Ether. 

Wherefore  the  famous  Dr.  Wallis 
attempted  the  Thing  another  way. 
He  imagined,  that  all  real  Gravita¬ 
tion,  proceeded  from  tbe  Prejfure  or 
Spring  of  the  Air  or  ALtber,  without 
which  tbofe  inaEitve  Bodies  which 
we  call  heavy,  if  once  at  reft ,  would 
remain  fo,  without  any  real  Gravita¬ 
tion,  or  without  defending,  having  no 
more  'Tendency  to  move  downwards 
than  fideways.  Tbe  Quickfilver 
therefore,  when  it  it  cleared  oj  all 
Air  from  within,  and  fufpended  in  tbe 
aforefaid  manner  $  when  it  is  at  ref, 
willcontinue  fo,  and  retain  its  Pofi- 
tion ,  beyond  tbe  common  Height  necef- 
fary  to  an  aequilibrium  j  becaufe  11  is 
free  from  all  Prejfure  of  tbe  Air,  and 
is  not prejfed  upon,  either  by  its  Gra¬ 
vity,  or  by  its  Spring  :  But  if  it  be 
put  in  Motion,  either  by  any  jhaking 
of  tbe  Tube,  or  by  any  Motion  within, 
from  the  Spring  of  the  Air  which 
was  at frft  left  in  it,  or  is Ji nee  get  in, 
then  it  will  continue  that  Motion 
downwards  (  that  way  being  open.) 

But  fince  it  is  now  allowed,  that 
Gravity  does  not  depend  upon  the 
Air  or  ■/Ether,  but  is  an  original  con¬ 


nate  and  immutable  Affeftion  of  all 
Matter,  neither  can  this  Explication 
be  admitted.  And  indeed  this  very 
learned  Perfon  confeffes ,  that  he 
himfelf  was  not  fatisfied  with  It. 
Therefore  he  adds,  That  tbe  Super - 
ficies  of  the  Tube  however  welt  po- 
lijhed,  cannot  be  thought  to  be  fofret 
from  all  Ruggednefs  or  Inequality y 
but  that  there  muft  remain  fome 
Rougbnefs  which  mufl  caufe  Cobaji- 
on,  or  [if  it  be  moved)  fome  Fri Elion 
of  tbe  adjacent  Body ,  whereby  the 
Motion  mufi  be  fometbing  hindered . 

And  indeed  this  Opinion  comes 
nearer  the  Truth  j  and  that  chiefly 
becaufe  upon  the  lead  (baking  of  the 
Tube,  the  Quickfilver  falls  down, 
whence  it  is  manifed,  that  the  Suf- 
penfion  does  not  depend  upon  any 
permanent  Caufe,  fuch  as  the  Gra¬ 
vity  of  the  Air  or  iEther,  hut  upon 
fome  accidental  Thing,  fuch  as  fome 
kind  of  Adhaelion.  However,  be¬ 
caufe  there  does  not  appear  to  be  any 
fuch  Rougbnefs  in  the  Superficies  of 
the  Glafs,  as  this  learned  Perfon  i- 
magines  ;  it  feems  to  be  mod  pro¬ 
bable,  that  the  Quickfilver  remains 
thus  fufpended  from  the  ContaS  or 
Agreement  oj  the  Parts ,  the  Force  of 
which  is  always  very  great  in  every 
Effeft  of  Nature.  Thus,  a  plain  and 
fmooth  Loadfione  applied  to  a  Ball 
of  Iron  fufpended  on  a  String  from  a 
Nail,  will  draw  it  much  further 
from  the  Perpendicular,  than  in  pro¬ 
portion  to  the  Magnetick  Force  ;  if 
it  be  pulled  back  with  a  gentle  and 
even  Hand,  and  be  not  feparated  by 
any  accidental  Shake.  So  alfo 
Water  will  afeend  in  a  Vacuum,  in 
fmall  Glafs  Tubes  open  at  both  Ends* 
And  two  fmooth  polilhed  Marbles 
will  not  be  feparated,  though  the 
grader  Air  be  removed.  And  fo  the 
Parts  of  all  hard  Bodies  (and  in  lome 
meafure  alfo  of  Liquids)  cobare  to¬ 
gether  by  ContaH,  that  is,  by  that 
Attraction  which  always  arifes  from 
Contact.  See  what  is  faid  below  at 
Chap.  22.  Artie.  9. 

All  the  Author’s  Pains  therefore 
about  Subtil  Matter,  and  abcut  the 

Pore» 
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thus  prepared,  is  cleared  of  fome  Matter,  which  before 
kept  its  Parts  at  a  Diftance,  and  made  the  Pores  fuffici- 
ently  wide  and  long,  to  give  free  Pafiage  to  the  fubtil 
Matter  :  and  becaufe  it  cannot  thruft  the  fubtil  Matter 

0  _ 

into  the  Place  which  it  is  difpofed  by  its  Weight  to  quit, 
therefore  it  does  not  defcend  at  all  :  However,  not  ha¬ 
ving  had  any  Opportunity  to  fee  how  well  this  Experiment 
liicceeds,  and  not  venturing  to  fay  that  it  is  falfe,  we  re¬ 
main  in  flifpenfe,  and  do  not  determine  which  Body  it 
is,  through  the  Pores  of  which  the  fubtil  Matter  pafTes, 
to  fill  the  T  op  of  the  T ube. 

30.  But  to  return  to  our  Difcourfe,  and  to  continue  to 
draw  the  Confequences  which  we  think  deducible  from 
what  has  been  faid  above  ;  Let  us  fuppofe  a  T ube  filled 
with  Quickfilver,  and  immerfed  as  ufual  in  a  VefTel,  into 
which  Part  of  the  Liquid  runs,  ’till  it  is  about  the  Height 
of  T wenty  feven  Inches  and  a  half,  and  then  it  be  lifted 
up  a  little  above  the  Surface  of  the  Quickfilver,  fo  that  one 
Drop  only  of  it  may  run  out ;  then  becaufe  the  Quickfil¬ 
ver,  that  remains  in  the  T  ube,  does  not  weigh  fo  much  as 
the  Air  without,  it  ought  to  be  impelled  with  Violence  to 
the  T op  of  the  T ube,  and  after  that,  its  own  Weight  ought 
to  make  it  defcend  on  the  one  hand,  as  much  as  the  Air 
makes  it  afcend  on  the  other ;  and  fo  we  find  it  does. 

31.  If,  after  having  made  the  Experiment  as  ufual,  we 
take  the  Tube  out  of  the  VefTel  in  which  it  is  immerfed. 
Hopping  the  lower  Hole  with  our  Finger,  but  not  prefling 
very  hard  upon  it,  then  we  ought  not  to  feel,  nor  do  we 
indeed  feel  the  Weight  of  the  Quickfilver  :  For  though  it 
lies  upon  that  part  of  the  Finger,  which  anfwers  to  the 
Hole  of  the  T ube,  yet  it  is  not  heavy,  becaufe  it  prefies 
neither  more  nor  lefs,  than  the  external  furrounding  Air, 
which  is  applied  to  the  other  Part  of  the  Finger,  prefies 
upon  it,  and  repels  it.  And  if  in  this  Cafe,  the  T ube 
be  opened  at  the  Top,  by  fuddenly  removing  that 


30.  What 
the  Confs- 
quence  will 
be ,  if  the 
f  ube  be  lift¬ 
ed  up  a  lit ~ 
tie,  fo  that 
the  lower 
End  of  it  be 
out  of  the 
Quickfilver , 


31.  That 
we  ought  not 
to  feel  the 
Weight  of 
the  Q uick - 
filver  that  is 
in  the  lube , 


Pores  through  which  that  fi£Htious 
Matter  fhould  pafs,  is  to  no  Purpofe. 
For  if  there  were  a  Paffage  for  that 
Jubtile  Matter ,  either  through  the 
Quickfilver  or  the  Glaft  ;  yet  it 
would  not  be  able  to  force  the 
Quickfilver  up  into  the  Tube,  nor 
to  fuftain  it  there  :  And  if  there  be 
no  Paffage  for  it  through  either  of 
them,  then  it  would  not  fuffer  the 
Quickfilver  to  fubfide  again,  as  it 
does  when  the  Giafs  is  fhaken.  But 
indeed  the  Particles  of  Quickfilver , 

VOL.  I. 


when  it  is  firfi:  cleared  of  all  Air, 
cohaere  by  mutual  Contaft,  both  with 
one  another  and  with  the  Giafs  ; 
from  a  certain  AttreRiony  which 
ceafes,  as  foon  as  the  Tube  is 
fhaken,  whereby  the  Particles  are 
feparated  from  each  other,  and  from 
the  Giafs.  And  the  fame  Experi¬ 
ment  has  been  made  in  Water  well 
cleared  alfo  of  Air,  by  which  means 
its  Parts  approached  nearer  to  Con- 
ta£l.  See  Newt,  Opticks,  pag,  337« 

F  2 
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which  it  is  flopped  with,  then  we  fhould  feel  the  fame  as 
if  the  Finger  which  is  applied  to  the  lower  Hole  received 
a  hard  Blow  \  becaufe  the  groffer  Air,  which  defcends 
quick,  and  with  great  Force  into  the  Tube,  adds  on  a 
fudden  new  Weight  to  that  of  the  Quickfilver  \  and  this 
is  confirmed  by  Experience. 

32.  What  ^2.  If  the  Tube  be  not  filled  with  all  Quickfilver,  but 
°tbeConje-  f°me  other  Liquor  be  put  in  alfo,  we  may  determine 
qutrce  iffil -  how  far  each  of  them  ought  to  defcend,  by  confidering 
ling  up  the  |jaw  j^cf,  that  other  weighs  compared  with  the  Quick- 
other  filver.  For  Inftance :  Suppofe  the  T ube  filled  with  Quick- 
Latter.  filver  all  but  an  Inch,  and  we  would  fill  the  reft  with 
Water;  becaufe  Water  weighs  but  a  fourteenth  Part  fo 
much  as  Quickfilver,  we  ought  to  conclude,  that  it  will 
make  it  defcend  below  the  ordinary  Station,  the  four¬ 
teenth  Part  of  an  Inch,  and  confequently  the  Water  will 
be  thirteen  of  the  fourteen  Parts  above  that  Station. 

33«  And  33-  The  like  Calculation  may  be  made,  whatever 
rabat  %tf  it  heavy  Liquor  be  put  in  inftead  of  Water:  However,  it 
wf/bAir.  is  to  be  obferved,  that  the  fame  Reafon  will  not  hold 
good  for  gr oj, }  Air.  For  fince  we  know  by  Experience, 

that  it  has  a  Power  of  expanding  it  felf  very  much,  and 
can  eafily  be  mixed  with  the  fubtil  Matter  ;  we  conceive 
that  by  mixing  it  felf  with  that  fine  Matter  with  which 
the  Top  of  the  Tube  is  filled,  it  preffes  againft  the  Top 
of  the  T ube  on  the  one  Part,  and  upon  the  T op  of  the 
Quickfilver  on  the  other  Part,  and  fo  by  this  means  for¬ 
ces  it  much  lower  than  it  would  force  it  by  its  own 
Weight,  which  compared  with  Quickfilver  bears  no  pro- 
portion  to  it. 

li.'Tbattbc  34.  We  forefee  alfo,  that  an  Inch  of  Air  will  make 
Effebh  of  t^e  Quickfilver  defcend  fo  much  the  lower,  by  how  much 
fawt'ac-  lefs  the  Tube  exceeds  T  wenty  feven  Inches  and  a  half  in 
oordmg  to  the  Length,  becaufe  the  Power  of  dilating  it  felf,  does  in  a 
dLent Tiof  manner  referable  a  Spring  :  For  as  a  Spring,  the  more  it 
tbTiubel  is  bent,  with  fo  much  greater  Force  does  it  unbend  it  felf; 

fo  the  Air,  the  more  it  is  compreffed,  with  fo  much  the 
greater  Force  does  it  dilate  it  felf ;  and  in  all  this,  our 
Reafoning  is  confirmed  by  Experience. 

25.  A 'very  35.  But  to  give  a  plainer  Proof  (i)  how  much  a  little 
Amerft*/^  when  the  Weight  of  the  Column  which  it  fuftains  is 

Carp's-  removed,  is  capable  of  expanding  it  felf;  we  need  only 
Bladder,  to  take  a  CarpVBladder,  and  cutting  off  the  leffer  Part  at  the 

fhoiv  bino  r 

Air  is  capa  f 1 )  How  much  a  little  Air )  Sec  the  Notes  on  Tart  111*  Cbap.  a. 

’  hie  of  ex-  Art.  3.  btklU* 

ponding  it  Neck, 
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Neck,  where  it  is  joined  to  the  Greater,  prefs  the  greater 
Part  fo  clofe,  as  to  fqueeze  out  almoft  all  the  Air  that  is 
contained  in  it :  Then  tie  it  up  to  keep  in  that  which  re¬ 
mains,  which  is  not  bigger  than  a  fmall  Lentil :  After 
this,  let  it  be  put  into  the  Top  of  one  of  the  Tubes 
made  large  like  a  Veflel,  and  filled  as  ufual  with  Quick- 
filver,  and  managed  in  the  fame  manner  as  the  foremen- 
tioned  Experiments,  and  then  we  (hall  fee  how  fur- 
prizingly  the  Bladder  will  fwell  round  almoft  all  at  once, 
and  appear  to  be  blown  as  big  as  it  was  before  the  Air 
was  let  out.  ; 

36.  Now  though  there  be  much  more  fubtil  Matter  36.  What 
in  the  Bladder  thus  diftended,  than  grofs  Air ;  yet  we  tbe 

are  not  to  think,  that  it  is  that  which  prefles  upon  the  £?/£/! 
internal  Parts  of  the  Bladder,  and  fwells  it  thus  ;  this  Ef-  tion  of  tbe 
fe<ft  cannot  be  produced  by  it,  becaufe  it  can  eafily  re-  CarP's -  . 
turn  through  the  Pores  by  which  it  entered  5  it  is  more  **  a  tr  u* 
likely,  (1)  that  this  fine  Matter  agitates  that  little  grofs 
Air  which  remains  in  the  Bladder  with  great  Violence, 
which  Agitation  is  the  immediate  Caufe  of  the  Bladder’s 
fwelling  :  And  this  is  fufficiently  evident  3  for  if  the  Blad¬ 
der  be  entirely  emptied  of  the  grofs  Air,  it  will  not  fwell 
at  all,  and  if  there  be  a  little  too  much,  it  will  break. 

37.  In  order  to  make  this  Experiment  well,  it  fliould  37.  Are - 
be  done  with  a  Tube  open  at  both  Ends,  and  the  upper  markable 
End  fhould  be  covered  with  a  Hog’s-Bladdery  moiftned  oj7bnEx* 
firft  in  Water,  that  it  may  ftretch  the  better,  and  this  feriment . 
will  give  us  opportunity  of  obferving  another  Circum- 

ftance  very  curious ;  and  that  is,  that  as  foon  as  the  Quick- 
filver  begins  to  defcend,  we  fhall  fee  the  Hog’s-Biadder 
ftretched,  and  forced  into  the  T ube ;  the  reafon  of  which 
is  3  that  then  a  very  heavy  Column  of  Air  prefles  upon 
it,  and  there  is  none  under  it  to  fupport  it. 

38.  If  the  Bladder  be  pricked  with  a  Needle,  and  the  3?*  Another 
Needle  be  pulled  out  a  little,  to  let  fome  of  the  grofs  ClnumJiance 
Air  in,  and  then  the  Hole  be  flopped  ;  the  grofs  Air 

which  enters  in,  will  expand  it  felf  round  the  Carp’s- 
Bladder,  and  prefs  upon  it,  and  make  it  appear  more  or 
lefs  wrinkled,  according  to  the  Quantity  of  Air  let  in. 

39.  This  Experiment  may  ferve  to  undeceive  thofe,  39.  ibe 
who  upon  reading  Arijiotle  have  been  of  Opinion,  that  Ufefu/refi 
Air  made  ten  times  rarer  than  it  is ,  necejfarily  changes  its  *r fmcnt *** 
Nature ,  and  is  converted  into  Fire.  For  the  Falfity  of  this 

( i )  That  ibis  fine  ’Matter)  Not  no  fuch  Thing,  but  only  the  Elafti- 
that  Matter j  for  probabiy  there  is  city  of  the  Air  it  felf. 

F  3  Imagination 
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4.0.  That 

the  Height 
of the  Quick¬ 
filver  is 
various * 


41.  7bat 

the  greatejl 
Cold  ought 
not  to  alter 
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of  the 

Quick /liver, 
and  ivbat 
the  Caufes 
Ore ,  that 
ought  to 
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Imagination  is  clearly  feen,  by  fhowing  that  the  Air  con¬ 
tained  in  the  CarpVJJladder  is  rarified  above  a  hundred 
Times,  and  yet  does  not  at  all  alter  its  Form. 

40.  When  I  fpoke  of  the  Height  which  the  Quickfil- 
ver  ftands  at  in  the  Tube,  I  limited  it  to  twenty  feven 
Inches  and  a  half,  which  is  the  common  Height  obferved 
at  Paris  5  but  to  fpeak  exactly,  it  is  fometimes  higher, 
and  fometimes  lower  ;  becaufe  the  Air  at  different  times 
is  lighter  and  heavier. 

41.  One  of  the  beft  Obfervations  that  I  have  met  with 
upon  this  Subject  is  this  :  That  though  we  know  by  Ex¬ 
perience,  that  the  Air  is  condenfed  by  Cold,  yet  I  have 
never  found  that  the  greateft  Cold,  made  any  Alteration 
of  the  Height  of  the  Quickfilver  in  the  T ube.  The  Rea- 
fon  of  which,  in  my  Opinion,  is,  that  the  Cold  being  very 
near  the  fame  over  a  great  Part  of  the  Superficies  of  the 
Earth,  the  Air  does  not  pals  from  one  Country  to  another 
fo  that  the  Bulk  or  Quantity  of  it  is  increafed  ;  but  it 
being  condenfed  only  from  the  T op  to  the  Bottom,  it 
is  the  fame  Quantity  of  Air,  that  prefles  upon  any  par¬ 
ticular  Place  of  the  Earth ;  fo  that  all  the  Difference 
that  there  can  arife  in  the  Air,  muff  be  imputed  to  more 
or  lefs  (1)  Vapours  and  Exhalations,  which  are  contained 
in  it  at  different  Seafons,  and  to  the  Winds  which  blow 
fometimes  upwards  and  fometimes  downwards. 

42.  As 


(t)  Vapours  and  Exhalations)  It 
has  been  long  obferved,  that  in  clofe 
and  rainy  Weather,  the  Quickfilver 
does  not  rife  fo  high,  as  when  it  is 
-dry  and  clear ;  which  has  been 
thought  by  fome  to  overthrow  the 
whole  Theory  of  the  Weight  of  the 
Air  j  and  indeed  it  is  very  difficult, 
to  explain  particularly  the  Caufes  of 
all  the  various  and  minute  Changes 
of  the  Heavens  5  a  great  deal  is  ow¬ 
ing  to  the  Wind§,  which  blow  fome¬ 
times  upwards,  fometimes  down¬ 
wards,  and  fometimes  fideways  ;  a 
great  deal  to  Vapours;  a  great  deal 
to  Steams  riling  out  of  the  Earth  ; 
fo.mething  muft  be  aferibed  10  the  Al¬ 
teration  of  the  Heavens  in  the  neigh¬ 
bouring  Countries,and  perhaps  fome- 
t  hing  to  that  Flux  and  Refux  which 
the  Moon  caufes  in  the  Air,  which 
is  much  greater  than  that  in  the 
Sea,  &e.  To  account  for  all  which 
particularly  and  exafily,  would  be 
endlefs.  However,  to  propofe  fonae- 
thing  which  may  come  pretty  near 
<*'he  Truth  j  it  is  to  beoblwved,  tfcat 


the  Air  [it  felf  is  heavier  than  the 
Vapours ,  and  fitted  to  fupport  them, 
becaufe  its  Particles  are  groffer,  and 
arife  from  denfer  Bodies,  than  the 
Particles  of  Vapours. 

In  the  fir  ft  Place  therefore,  this 
Weight  of  the  Air,  in  any  particular 
Country ,  may  be  fo  changed  by  the 
Winds,  that  the  Atmofphere  may 
be  condenfed  and  made  heavier,  by 
bringing  a  greater  Quantity  of  Air, 
and  heaping  it  together  ;  viz.  when¬ 
ever  two  Winds  blow  at  the  lame 
time  from  contrary  Parts  of  the 
Heavens  ;  or  fome  of  the  Air  may 
be  carried  or  blown  away  by  them, 
and  thereby  an  Opportunity  given  to 
the  Atmofphere  to  unfold  it  felf,  the 
incumbent  Weight  being  taken  oft, 
viz.  as  often  as  two  Winds  blow 
from  the  fame  Country  to  cppofite 
Parts  of  the  Heavens ;  or  whenfoe- 
ver  any  one  particular  Wind  is  very 
ftrong ;  for  it  is  found  by  Experience, 
that  an  artificial  ftrong  Wind  makes 
the  Air  lighter,  and  the  Quickfilver 
in  the  Tube  to  fall  very  much.  S" 
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42.  As  to  any  Alteration  in  the  Height  of  the  Quick- 
filver,  which  may  be  thought  to  arife  from  the  Dilatation  ^eatin  the 
of  the  fubtil  Matter  in  the  T op  of  the  T ube,  by  the  Summer ,  nor 
Heat  of  the  Summer,  or  the  Contraction  of  it  by  the 
Cold  of  the  Winter,  it  cannot  be  at  all  fenfible  :  For  do  at  ai/  f 
Experience  {hows  us,  that  if  this  Matter  be  heated  by  fjnfibiyfi- 
a  Fire,  much  more  than  it  can  be  by  the  Heat  of  the 

tbe  PbilofopbicalTranfaflionSjNumb.  higher  in  the  Tube,  then  the  Hea  -  fubtle  Mai* 

vens  are  fair,  but  a  little  thicker,  ttr  tn 
and  not  quite  fo  blue,  by  reafon  of  ^u^e* 
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Secondly,  Cold  and  nitrout  Par - 
tides  of  tbe  Air  it  felf,  condenfed  by 
Cold  from  tbe  North  muft  condenie 
the  Atmofphere  wherever  it  comes, 
and  make  it  heavier. 

Thirdly,  Heavy  and  dry  Exhala¬ 
tions  make  the  Air  heavy  ( in  the 
fame  manner  as  the  Specifick  Gra¬ 
vity  of  any  Mtnftruum  is  increafed, 
by  diffolving  Salts  and  Metals)  and 
its  elajlick  Force ,  as  it  is  called, 
muft  thereby  become  fo  much  the 
Wronger. 

Fourthly,  When  the  Air  by  thefe 
and  fuch  like  Caufes  is  become  hea¬ 
vy,  then  it  is  more  able  to  fupport 
the  Vapours ;  which  when  they  are 
entirely  mixt  with  it,  and  fwim 
about,  and  are  every  way  difperfed 
In  it,  make  the  Sky  ferene  and  clear: 
But  when  the  Air  from  the  contrary 
Caufes,  is  made  lighter,  then  is  it 
unable  to  fupport  the  Vapours  with 
which  it  is  always  filled,  and  fo  be¬ 
ing  put  into  fome  fort  of  violent  A- 
gitation,  they  gather  themfelves  into 
Clouds  and  Mifts,  and  being  formed 
Into  Drops,  fall  down. 

From  thefe  Obfcrvations,  it  is  ve¬ 
ry  evident,  that  the  fame  Caufes, 
which  make  the  Air  heavier,  and 
more  able  to  fuftain  the  Quickfilver 
in  the  Tube,  make  the  Heavens  alfo 
clear  and  dry  j  and  by  the  fame 
Caufes  by  which  the  Air  is  made 
lighter,  and  lefs  able  to  fuftain  the 
Quickfilver,  are  Showers  and  Rain 
produced  alfo. 

Hence  it  follows.  F:rft,That  when 
the  Air  is  lighteft,  and  the  Quick¬ 
filver  falls  loweft  in  the  Tube,  then 
the  Clouds  move  very  low  and  quick  j 
and  that  clear  Air,  which  after  Rain, 
appears  between  the  thick  Clouds, 
being  difcharged  of  its  Vapours,feems 
moft  tranfparent  and  bright,  and 
gives  the  beft  and  eafieft  profpeft  of 
Things  at  a  diftance. 

Secondly,  When  the  Air  is  more 
heavy,  and  the  Quickfilver  is  raifed 


the  Vapours  which  are  every  way  e- 
qually  difperfed  about  j  and  as  has 
been  by  many  obferved,  it  does  not 
afford  fo  good  a  Profpeit  of  Things 
at  a  diftance  $  and  if  there  do  ap¬ 
pear  any  Clouds,  they  are  very  high 
and  move  very  flow  ;  and  when  the 
Air  is  heavieft  of  all,,  the  Earth  is 
fometimes  covered  with  very  thick 
Clouds,  which  feem  to  confift  of 
heavier  fort  of  Exhalations,  which 
the  Air  at  that  time  is  capable  of 
fuftaining,  but  which  cannot  fwim 
in  lighter  Air. 

Thirdly,  Hence  it  is,  that  in  our 
own  Country, when  the  Cold  is  great- 
eft,  and  the  North  and  North  Eaft 
Winds  blow,  the  Quickfilver  in  the 
Tube  is  higheft  j  becaufe  at  that  time 
two  Winds  blow  together  upon  our 
Country  from  oppofite  Parts  of  the 
Heavens  5  for  in  the  Atlantick  O- 
cean,  at  the  fame  Latitude  with  us, 
the  Wind  blows  almoft  always  from 
the  Weft.  To  which  we  may  add, 
that  the  Air  which  is  brought  hi¬ 
ther  by  the  North  Wind  ,  comes 
condenfed  by  the  Cold. 

Fourthly,  In  the  moft  Northern 
Countries,  there  is  greater  Variation 
of  the  Height  of  the  Quickfilver  in 
the  Tube,  than  in  thofe  Countries 
which  are  more  South,  becaufe  in 
thofe  Countries  ,  the  Winds  are 
ftronger  and  more  variable  $  and 
oppofed  by  each  other  in  a  lefs  Tradfc 
of  Land  j  whence  the  Air  is  fome¬ 
times  more  heaped  up  and  conden¬ 
fed,  and  fometimes  carried  away  and 
lightned. 

Laftly,  Between  the  Tropicks, 
there  is  the  leaft  Variation  of  all,  in 
the  Height  of  the  Quickfilver  in  th« 
Tube,  becaufe  there  the  Wind  is 
for  the  moft  part  very  gentle,  and 
blows  the  fame  way. 

See  tbe  Pbilofopbical  Tranfaffions, 
Number  x8  J» 
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Sun,  it  will  not  make  the  Quickfilver  defcend  at  all ; 
and  if  the  Heat  of  Summer  can  do  nothing  towards  fen- 
fibly  dilating  it,  the  Cold  of  the  Winter  can  much  lefs 
do  any  Thing  towards  the  condenfing  it. 

43.  How  43.  But  whatever  be  the  Caufe  of  the  Quickfilver’s 
great! rifins  an^  falling  in  a  T ube,  where  the  Experiment  is 
ference  in  tbt  continual  ;  the  greateft  Height  that  I  have  obferved  for 
height  of  the  fifteen  Years,  in  a  Tube  which  I  prepared  for  that  Pur- 

fiver  p0pe^  was  qpwenty  eigfit  Inches,  and  a  third  Part  of  an 
Inch ;  and  the  loweft  was  T wenty  fix  Inches  and  feven 
twelfth  Parts  of  an  Inch  ;  fo  that  the  greateft  Difference 
in  the  Height  of  the  Quickfilver,  was  an  Inch  and  three 
quarters. 

44.  That  44.  Though  all  thefe  Experiments  arefufficient  tocon- 
*Jf  tb!gbt  v*nce  us>  t^at  lt  ]s  hy  the  Weight  of  the  Air,  that  the 
Quickfilver  Water  or  Quickfilver  is  fupported  or  made  to  rife  in  the 
cugbt  to  be  T ube ;  yet  it  is  eafy  to  conceive  how  there  may  be  an 

Mac!” of  a  -^terat*0n  mac^e  in  the  Height  of  the  Quickfilver,  and  yet 
different  *  no  Change  made  in  the  Air  it  felf :  In  order  to  this,  we 
Height,  need  only  make  the  Experiment  in  two  different  Places, 
the  one  the  higheft,  and  the  other  the  loweft  that  we  can 
come  at :  For  there  being  a  lefs  Quantity  of  heavy  Air  in 
the  higheft  Place,  the  Quickfilver  cannot  be  fupported  by 
it  to  fo  great  a  Height  as  in  the  loweft. 

45.  Toe frji  45*  Now  in  order  to  try  if  Experience  would  agree 
Experiment,  with  our  Reafoning,  I  filled  a  Tube  three  Foot  and  a  half 

long,  with  Quickfilver,'  aI>d  immerfed  it  into  a  deep  and 
ftrait  Veffel,  into  which  it  emptied  it  felf  as  ufual ;  after 
which  I  fixed  them  both  in  a  Wooden  Frame,  made  for 
that  Purpofe:  And  now  the  Inftrument  being  fuch  as 
could  conveniently  be  carried  from  one  Place  to  another, 
without  any  Danger  of  fpilling :  I  carried  it  to  the  Sur¬ 
face  of  the  River  Seine ,  which  happened  then  to  be  frozen, 
and  obferved  exadfly  the  Height  of  the  Mercury :  After 
which,  I  went  up  one  of  the  Towers  of  the  Church  of 
the  Virgin  Mary  at  Paris ,  which  is  about  Two  hundred 
and  fixteen  Feet  higher  than  the  Place  where  the  firft 
Experiment  was  made ;  and  here  I  found  the  Quickfilver 
was  not  fo  high  in  the  l  ube  as  before,  by  near  three 
Lines,  that  is,  near  a  quarter  of  an  Inch. 

4  6.  Another  46.  The  fame  Experiment  was  tried  in  Auvergne ,  in 

more fenfjbie  one  of  the  loweft  Places  of  the  Town  of  Clermont ,  and 
Er ferment.  Up0n  t]ie  Top  of  a  neighbouring  Mountain,  called  Puy 
de  Dome ,  which  is  about  three  thoufand  Foot  higher  than 
the  Vaily,  and  the  Difference  in  the  Height  of  the 
Quickfilver  was  found  to  be  above  three  Inches. 


47.  As 
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47.  As  this  Experiment  is  more  fenfible  than  mine,  if  47.  A  Me¬ 
lt  was  made,  as  there  is  Reafon  to  think  it  was,  with  all 

the  Exa&nefs  one  could  wifh ;  it  furnifhes  us  with  an  Height  of 
eafy  Method  of  finding  the  Height  of  the  whole  Air,  fup-  tbe  Air* 
pofing  it  to  be  every  where  of  the  fame  Denfity  as  it  is 
near  the  Earth :  For  fince  upon  taking  away  Three  thou¬ 
sand  Feet  of  Air,  the  Quickfilver  finks  three  Inches,  this 
is  a  Proof,  that  a  Column  of  Quickfilver  of  three  Inches 
high,  weighs  equal  to  Three  thoufand  Feet  of  Air,  and 
confequently  the  Height  of  the  whole  Air,  which  coun¬ 
terpoises  T wenty  feven  Inches  and  a  half  of  Quickfilver, 
is  Twenty  feven  thoufand  and  five  hundred  Feet  high. 

48.  As  therefore  we  conclude,  that  when  there  is  lefis  4g.  That  all 
Height  of  the  grofler  Air  to  prefs  upon  the  Quickfilver  theSiuick- 
in  the  VeSIel;  there  ought  alfo  to  be  lefs  Height  of  that 

in  the  T ube ;  for  the  fame  Reafon,  if  we  fuppofe  that  the  Tube \  if 
there  were  no  grofs  Air  at  all  to  prefs  it  upwards,  we  there  vter  cm 
ought  to  conclude  that  all  the  Quickfilver  would  fall  down, 
fo  that  That  in  the  Tube  would  be  level  with  that  in  the  the  Vejfei. 
VeSTel. 

49.  Some  have  imagined  it  'impoflible  to  make  any  49.  A  De- 
Obfervation  by  which  it  Should  appear,  that  Reafon  and 
Experience  agree  in  this  Particular  ;  becaufe  there  is  no  ment  toUfakt 
Mountain  high  enough  to  carry  us  up  to  the  upper  Sur-  tbit 

face  of  the  Air;  and  becaufe,  if  there  were,  the  Air  rment- 
would  be  fo  thin,  that  we  could  not  breathe  in  it.  But  I 
thought  of  a  Means  to  remove  thefe  two  Difficulties,  and 
by  which  the  Thing  might  eafily  be  effected  ;  and  that 
was,  to  prepare  fome  fmall  Room,  with  tranfparent 
Walls,  which  one  might  Stand  without  and  look  upon, 
without  any  Danger  from  what  might  happen  within.  I 
caufed  therefore  a  Glafs  Instrument  to  be  made,  accord¬ 
ing  to  the  following  Reprefentation.  BC  is  a  Tube,  Tab.  I. 
upwards  of  Twenty  feven  Inches  and  a  half  long,  and  Flg*  7‘ 
is  open  at  C  :  A  B  is  a  large  Cavity,  which  has  a  Com¬ 
munication  with  B  C  by  the  Part  B  L,  and  is  clofed,  and 
has  no  Aperture  at  A  :  D  E  is  a  fmall  Glafs  T ube  Stop¬ 
ped  up  at  the  End  D,  and  Sticks  out  of  the  Cavity  A  B 
by  the  Length  F  E,  and  is  open  at  E  :  Befides  there  is 
a  fmall  Hole  F  in  this  little  T  ube,  where  it  is  cemented 
on  the  outfide  to  the  Glafs  AB  in  fuch  a  manner,  that 
the  Cavity  of  the  little  Tube  has  a  Communication, 
with  the  large  Cavity  A  B  by  this  little  Hole  F  :  Laftly, 
by  means  of  the  Neck  B  G,  the  external  Air  has  a 
Communication  with  that  in  the  whole  Tube  ABC. 
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50.  I  firft  ftop  the  Hole  G  with  a  Hog’s-Bladder,  and 
turning  the  whole  Inftrnment,  fo  that  the  End  C  may 
be  uppermoft,  then  I  pour  in  the  Quickfilver  at  the 
Hole  E,  which  at  firft  falls  only  in  the  little  Tube  DFE, 
but  when  it  is  full  up  to  F,  then  continuing  ftill  to  pour 
in,  it  runs  through  the  Hole  there,  and  fills  the  Cavity 
AB  which  furrounds  this  Tube,  .which  I  fill  up  as  high 
as  B  ;  then  I  fill  the  reft  of  the  large  Cavity,  pouring 
the  Quickfilver  in  at  C,  ’till  it  rifes  as  far  as  the  Hole  E, 
which  I  ftop  then  with  a  Hog’s-Bladder  ;  after  this,  I 
continue  to  pour  the  Quickfilver  in  at  the  Hole  C,  ’till 
the  T ube  B  C  is  quite  full :  Having  done  this,  I  flop 
the  Hole  C  with  my  Finger,  and  invert  the  whole  In- 
ftrument  which  is  full  of  Quickfilver  as  ufual,  and  im- 
merfe  it  in  a  Vefiel  of  the  fame  j  Then  the  Cavity  A  F 
empties  itfelf  as  far  as  IL,  and  at  the  fame  Time,  the 
little  Tube  DFE  empties  it  felf  to  the  fame  Height,  and 
the  Tube  C  empties  it  felf  to  H,  which  is  Twenty  feven 
Inches  and  a  half  above  the  Quickfilver  in  the  Veffel : 
And  thus  we  fee  that  Reafon  and  Experience  agree  :  for 
as  there  is  no  grofs  Air  to  prefs  upon  the  Surface  I L 
of  the  Quickfilver  which  remains  in  the  Bafon  IFL, 
fo  there  is  nothing  to  force  it  to  rife  in  the  little  Tube 

DFE. 

51.  Now  if  the  Hog’s-Bladder  which  flops  the  Hole 
at  G,  be  pricked  with  a  Needle,  it  is  evident,  that  the 
grofler  Air  which  enters  into  the  Cavity  ABG  ought  to 
produce  Two  very  different,  and  therefore  very  remark¬ 
able  Effedls  :  The  firft  is,  That  preffing  upon  the  Quick- 
filver  which  is  directly  under  G,  it  will  caufe  it  to  de- 
fcend  ;  and  alfo  prefling  upon  the  Surface  IL  of  the  Qjuick- 
filver  which  remains  in  the  Bafon  IFL,  it  will  make  Part 
of  it  to  afcend  in  the  little  Tube  DFE,  and  fill  it  quite 
full,  provided  it  does  not  exceed  T wenty  feven  Inches 
and  a  half  in  Length.  The  Experiment  will  be  more 
pleafant,  if  after  the  Hog’s-Bladder,  with  which  the 
Hole  G  is  flopped,  be  pricked,  the  Needle  be  pulled 
back  feveral  times  a  very  little,  to  let  a  little  Air  in  at  a 
time  through  the  Hole,  and  then  thruft  forward  to  ftop 
it  again  :  for  then  you  will  have  the  Pleafure  to  fee  the 
Quickfilver  in  the  little  Tube  DFE  afcend  by  little  and 
little  at  the  feveral  times,  and  that  in  the  Tube  BC 
defcend  in  the  fame  manner.  Then  if  the  Needle  be 
pulled  out  all  at  once,  you  will  fee  at  the  fame  time 

it 
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it  will  rife  as  much  on  the  one  Hand,  as  it  falls  on 
the  other.  ( 1 ) 

52.  If  the  Liquor  with  which  the  Bafon  belonging  to  5l* 
the  Tube  is  filled,  falls  all  down,  becaufe  there  is  no  Air 

to  fupport  it,  as  we  fee  in  the  foregoing  Experiment,  drawn  into 
where  the  little  Tube  DFE,  is  entirely  emptied  of  the  a  syrinz e 
Quickfilver ;  the  Reafon  holds  ftronger  for  its  not  rifing,  ^noA^to 
if  there  be  no  Air  to  thrufl  it  up ;  wherefore  there  is  no  fiffort  it . 
need  of  making  any  Experiment,  to  be  affured,  that  the 
Water  ought  not  to  rife  in  a  Syringe,  when  the  Sucker  is  ' 
drawn,  if  the  Veffel  in  which  the  End  of  the  Syringe  is 
immerfed,  be  fo  flopped,  that  the  external  Air  cannot 
enter  into  it.  But  if  any  one  be  flill  fo  obflinate,  as  not 
to  be  content  without  referring  it  to  Experience,  he  need 
only  put  the  End  of  the  Syringe  into  the  Mouth  of  a 
Glafs  Bottle,  which  is  round  and  ftrong,  and  full  of 
Water ;  but  not  begin  to  draw  the  Sucker,  till  the 
Mouth  of  the  Bottle  be  well  flopped  with  Wax,  or  fome 
fuch  Thing,  to  prevent  the  external  Air  entring ;  and 
then  he  will  fee  that  the  Water  will  not  rife  at  all  in  the 
Syringe. 

53.  That  we  may  go  on  to  explain  the  mofl  confidera-  53 .  Why 
ble  Phenomena  of  Hydraulick  Inflruments ;  I  come  now 

to  give  an  Account  of  the  Syphon.  Let  ABCD  then  be  enot  *'g 
fuch  a  Syphon,  the  fhorter  Arm  of  which  CD  is  put  in*  all  raifeibe 
to  a  Veffel  of  Water  ;  Then,  as  has  been  often  faid,  the  a 

Air  which  preffes  upon  the  Water  which  is  in  the  Veffel,  xX.  H. 
ought  not  to  make  it  rife  up  in  the  Syphon,  becaufe  the  Fig.  1. 

Air  which  is  in  the  Syphon  hinders  it. 

54.  But  if  the  Water  in  the  Veffel  be  made  to  rife  up  ?4 

into  the  Syphon,  either  by  fucking  it  at  the  End  A,  or  0j  t be  Wa- 
any  other  way,  fo  that  it  be  filled  quite  full  of  Water,  ter'srijingin 
and  then  we  take  our  Mouth  away  from  the  Hole  A,  the  tbe  syPhon- 
Water  will  not  ceafe  to  run,  but  continue  running,  fo 
longas  the  fhorter  Arm  CD  remains  in  the  Water  in  the 
Veffel:  The  Reafon  of  which  is  this.  So  long  as  the 
fhorter  Arm  CD  is  immerfed  in  the  Water,  the  Force  of 
the  Air  indeed,  which  preffes  upon  the  Water  in  the  Vef¬ 
fel,  and  which  endeavours  to  make  it  rife  in  this  Arm,  is 
not  fenfibly  greater  or  lefs,  than  the  Force  of  the  Air 
which  endeavours  to  repell  it,  when  it  offers  to  run  out 
at  the  Hole  in  the  other  Arm  :  But  becaufe  the  Force  of 

(1)  You  may  find  the  Defcrip-  Air  Pump  of  the  famous  Mr.  Boyle 
tion  of  an  Inftrument  not  much  exceeds  them  all,  and  is  fo  well 
unlike  this  in  the  Experiment s  of  known,  that  I  need  notdefcribe  it. 
tbe  Acadimy  del Cimento,  But  the 

faci» 
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55.  How 
high  the 
Arm s  of  the 
Syphon  mufi 
be  for  the 
Water  to  af- 
cend. 

56.  How 
the  Air  it 
drawn  into 
a  Pair  of 
Bellow  it 


57.  How 
we  draw  in 
the  Air  by 
Rtfpiration. 


5S.  Whence 
it  tt  that  we 
find  no  Dif¬ 
ficulty  in 
breathing* 


each  of  thefe  two  Arms  is  diminiftted,  in  proportion  to 
the  Weight  of  the  Water  which  each  of  them  impels; 
and  the  Weight  of  the  Water  in  the  longer  Arm  being 
heavier,  than  that  in  the  lhorter  Arm  ;  it  follows,  that 
there  remains  more  Force  in  the  Air  which  adfeupon  the 
Water  in  the  VefTel,  to  make  it  rife  up  in  the  (horter 
Arm,  than  there  does  in  the  other  to  repel  ;  fo  that  it  is 
indeed  made  to  rife,  and  forced  to  run  out  through  the 
longer  Arm,  notwithftanding  the  Refiftance  of  the  Air 
which  oppofes  it. 

55.  I  here  fuppofe,  that  the  Arms  of  the  Syphon  do 

not  exceed  that  Height  of  the  Liquor  which  the  Air  would 
fuftain  in  a  perpendicular  Tube  ;  for  if  they  be  longer, 
the  Liquor  with  which  the  Syphon  is  filled,  will  divide 
at  the  Top,  and  defcend  in  each  of  the  Arms  3  which 
is  confirmed  by  Experience.  '  0 

56.  After  fo  many  different  Explications  as  have  been 
already  given,  I  don’t  think  it  neceffary  to  inlarge  much 
upon  explaining  how  the  Air  enters,  and  is  received  into 
a  Pair  of  Bellows  3  for  it  iseafy  to  apprehend,  that  when 
the  Sides  are  feparated  from  each  other,  they  thruft  for¬ 
ward  the  Air,  which  not  being  able  to  move  freely  every 
way  (1)  becaufe  the  World  is  full  5  or  at  leaft  not  being 
able  to  enter  in  at  the  Nofe  with  Eafe,  and  quick 
enough  to  fill  readily  that  Space  which  is  left  by  the  Sides 
of  the  Bellows  when  they  are  opened  ;  it  is  turned  back, 
and  enters  with  Eafe  and  Swiftnefs  through  the  Holes  of 
the  Bellows. 

57-  I{  is  proper  here  to  obferve,  that  we  receive  in  the 
Air  by  Refpiration,  much  after  the  fame  manner  :  For  it 
is  certain.  That  the  Mufcle  of  the  Thorax  and  Abdo¬ 
men,  ferve  to  diftend,  and  fwell  the  Body,  by  which 
Means  the  Air  being  thruft  back,  gets  into  the  Hollow 
of  the  Lungs  through  the  Mouth  and  Noftrils. 

58.  The  only  Difficulty  herq  is,  that  fince  we  fuftain  a 
great  many  Columns  of  Air,  which  are  all  heavy,  and 
which  prefs  upon  the  external  Parts  of  our  Body,  and 
thruft  it  inwards;  it  {hould  feem  that  we  ought  to  feel 
fome  Difficulty  in  breathing,  in  order  to  overcome  this 
Refiftance  :  But  the  Anfwer  is  eafy  ;  For  if  there  be  fome 


(1)  Becaufe  the  World  it  full } 
Whether  the  World  be  full  or  nor, 
it  is  the  fame  Thing  5  for  it  cannot 
he,  but  that  the  Air  by  its  own 
Weight  [and  Spring)  muftru/hinto 
the  empty  Bellows  when  they  are 


open.  Which  I  remark  hore  ,  to 
fhow,  that  whatever  becomes  of  the 
Fuinels  of  the  World,  the  Explica¬ 
tion  of  thefe  and  fuch  like  Motions, 
is  the  fame c 
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to  thruft  it  inwards,  there  are  alfo  a  fufficient  Quantity 
of  others,  which  enter  into  the  Cavity  of  the  Breaft  to 
prefs  it  outwards ;  fo  that  there  is  an  (equilibrium  between 
thefe  Forces  or  Powers  :  and  this  is  the  Reafon  why  we 
ought  not  to  find  any  Difficulty  in  Breathing,  or  if  we 
do,  it  is  owing  to  fome  other  Caufe. 

59.  The  fucking  in  of  Air  through  a  Quill  is  done  in  How  i( 
the  fame  manner  as  Refpiration  ;  for  it  is  the  fame  as  if  :Juck 

our  Mouth  were  as  long  as  the  Quill. 

60.  If  we  try  to  fuck  a  heavy  Liquor  through  a  Quill  60.  Why  it 
dipped  into  it,  we  ought  to  find  fo  much  the  greater  Dif-  il  m  re  diffi- 
ficulty  as  the  Quantity  of  Liquor  we  make  to  rife  is  c,alt  t0  ^c.k  a 
greater;  becaufe  this  Liquor  preffing  by  its  Weight  upon  qUor* 

the  external  Air  which  endeavours  to  raife  it  in  the 
Quill,  (1)  hinders  it  from  impelling  and  afiifting  the  Air 
which  is  in  the  Lungs,  fo  much  as  it  ufually  does  ;  by 
which  means  the  Air  in-  the  Lungs  is  weakned,  and  has 
juft  fo  much  lefs  Force  to  thruft  the  Parts  of  the  Body 
outwards,  than  the  Air  which  is  applied  to  the  external 
Surface  of  the  Body  has  to  thruft  them  inwards,  as  the 
Liquor  which  is  caufed  to  rife  in  the  Quill  is  heavier. 

61.  Ifhallfinifh  what  I  have  to  fay  concerning  this  6r« 

Sort  of  Motions,  with  explaining  that  Swelling  which 
Surgeons  make  in  the  Flefti,  by  the  Application  of  Cup-  p]ng-Gla([t% 
ping-Glafles  ;  the  common  Method  of  which.,  and  that 

to  which  all  others  may  be  reduced  is  this  ;  They  take  a 
fmall  round  Card,  upon  which  they  fix  four  ftiort  pieces 
of  Wax-Candle,  which  they  light,  and  fet  like  a  Candle- 
ftick  upon  the  Part  of  the  Body  which  they  intend  to  cup  : 

Then  they  cover  all  the  Candles  with  the  Cupping- Glafs, 
but  do  not  put  it  clofe  to  the  Flefh,  ’till  the  Air  that  is 
within  it,  is  fufficiently  heated ;  then  as  foon  as  it  is 


(l)  Hinders  it  from  inifdhnf)  If 
the  entire  Weight  of  the  Liquor  only 
beconfideredj  we  muft  fay,  that  ihe 
Difficulty  of  Sucking,  is  therefore 
greater  or  lefs,  becaufe,  in  proportion 
to  the  greater  or  lefs  Height  or  Thick- 
nefs  of  the  Column  of  Liquor,  the 
Breaft  is  more  or  lefs  diftended  by 
the  Power  of  the  Mufcles  $  fo  that 
the  Refiftance  of  the  internal  Air 
(  by  which  it  endeavours  to  hinder 
the  Liquor  from  rifing )  muft  be  fo 
much  more  or  lefs  weakned  by  Ra- 
refa&ion,  according  to  the  Power  of 
the  external  Air,  to  raife  up  the  hea¬ 
vy  Liquor  to  the  Mouth*  But  be- 
caufetoe  Columns  of  L’quorarerai- 


f  *  1 

fed  by  the  external  Air  with  lefs  or 
greater  Difficulty,  according  as  they 
are  lefs  or  greater  in  Height  and  nat 
in  *. Ibickntfs  $  therefore  if  we  fuppofc 
two  fuch  Columns,  one  of  which  is 
twice  as  high  as  the  other,  and  this 
other  twice  as  thick  as  that;  though 
it  be  plain,  that  in  both  Cafes,  there 
is  the  fame  Quantity  of  Air  to  be 
fucked  out  of  the  Quill,  and  the  fame 
Quantity  of  Liquor  to  be  fucked 
through  it ;  yet  it  is  evident,  that  a 
greater  Diflention  of  the  Bceaft,  and 
a  greater  Force  of  the  Mufcies  is 
required,  that  is,  it  is  more  difficult 
to  fuck  or  raife  up  the  Fir  ft  than 
the  Second. 


put 
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6z.  Why 
the  Flejb 
fwclls. 


I .  What  it 
meant  by  the 
Determina¬ 
tion  of  Mo¬ 
tion. 
a.  That 
fuch  Deter¬ 
mination  is 
fometbing 
difiinB from 
Motion . 

The  firft 
Proof 
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put  clofe,  the  Candles  go  out,  and  we  fee  the  Flefh  fwell, 
and  rife  up. 

62.  In  order  to  underftand  the  Reafon  of  this  Experi¬ 
ment,  it  is  to  be  obferved ;  that  during  that  fhort  time 
that  the  Candles  continue  light,  the  Air  which  is  in  the 
Cupping-Glafs,  (1)  though  very  much  agitated  and  di¬ 
lated  by  the  Flame,  does  however  prefs  upon  the  Flefh, 
as  much  as  it  did  before ;  becaufe  the  Cupping-Glafs  being 
not  yet  put  quite  clofe,  does  not  take  off  any  of  the 
Weight,  which  it  had  before  it  was  dilated  ;  but  it  is 
otherwise  after  the  Candles  are  extinguifhed  by  the  im¬ 
mediate  Application  of  the  Cupping-Glafs  to  the  Body  : 
For  then  the  Air  which  is  contained  in  it,  is  no  longer 
preffed  upon  by  the  Air  without ;  and  as  it  grows  cooler, 
it  has  not  Force  fufficient  to  take  up  fuch  a  Compafs,  as 
when  it  was  agitated  by  the  Heat :  Wherefore  fince  all 
the  other  Parts  of  the  Body  are  preffed  upon  by  the  ex¬ 
ternal  Air,  which  alfo  preffes  the  Cupping-Glafs  to  the 
Body,  the  one  muft  of  neceflity  enter  into  the  other  j 
that  is,  the  Flefh  muft  be  thruft  into  the  Cupping-Glafs, 
and  the  Air  within  it  condenfed. 

(1)  Though  very  much  agitated  This  Explication  had  been  fomewhat 
and  dilated  by  the  Flame ,  does  bonds-  more  plain,  if  the  Author  faid  ■— 
ver  prefs  upon  the  Fief  as  much  at  though  dilated  by  the  Flame,  yet 
it  did  before ,  becaufe  the  Cupping-  fnce  it  it  very  much  agitated ,  it  does 
Glaft  being  not  yet  put  quite  clofe ,  however.  Nor  was  there  any  need 
doet  not  take  off  any  oj  the  Weight,  of  having  recourfe  to  the  Weight  of 
which  it  bad  before  it  was  dilated)  the  external  Air  here. 


CHAP.  XIII. 

Of  the  Determination  of  Motion . 

\XT HEN  a  Body  moves  any  particular  way,  the 
’  ~  Difpofition  that  it  has  to  move  that  way,  rather 
than  any  other,  is  what  we  call  its  Determination . 

2.  Determination  is  a  Mode  which  is  diftinguifhed 
from  Motion ,  and  which  may  remain  the  fame,  how 
much  foever  the  Motion  be  increafed  or  diminifhed  : 
Thus  a  Stone  that  falls  freely  in  the  Air,  has  a  certain 
Quantity  of  Motion,  and  at  the  fame  time  has  alfo  a 
certain  Quantity  of  Determination  of  Motion  downwards  ; 

and 
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and  if  it  had  been  thrown  oblique  from  the  fame  Place, 
fo  as  to  have  come  to  the  Ground  in  the  fame  time,  it 
would  have  had  the  fame  Quantity  of  Determination , 
but  a  greater  of  Motion. 

3.  Another  Proof  that  Determination  Aiders  from  Mo-  3.  Another 
tion9  is,  that  it  depends  upon  a  different  Caufe  from  that  Pr00f' 
of  Motion  ;  thus  in  a  Ball  ftruck  by  a  Racket,  the  Mo¬ 
tion  is  owing  to  the  Force  with  which  the  Racket  is 
moved,  but  the  Determination  towards  any  Part  is  owing 
to  the  Situation  of  the  Racket. 


4.  Since  every  Thing  endeavours  as  much  as  it  can  to  7iat  a 

continue  in  the  State  in  which  it  once  is,  it  is  evident,  Body  does 
that  a  Body  which  has  once  begun  to  move  with  a  cer-  o 

tain  Determination ,  ought  always  to  keep  the  fame ;  that  outoj 
is,  it  ought  always  to  move  in  a  ftreight  Line  ;  for  this  is  way,  but 
the  only  Determination  that  is  (1)  natural  to  a  Body  in 
Motion :  Wherefore  when  it  was  faid  above,  that  when  ftreight 
any  Body  was  moved  in  a  ftreight  Line,  other  Bodies  Ll^. 
muft  neceffarily  be  moved  with  a  circular  Motion,  we 
are  not  to  think,  that  thofe  which  thus  turn  out  of  a 
ftreight  Line,  tend  to  do  fo  of  themfelves,  but  they  are 
forced  to  do  fo,  by  meeting  with,  and  being  impelled  by 
other  Bodies. 


5.  Therefore  when  we  fee  a  Body  move  in  the  Sides  q;bat 
of  a  Square,  we  conclude,  that  in  the  Places  where  it  every  Body 
changes  its  Determination ,  it  is  forced  to  turn  out  of  the  Ynac?™* 
way,  by  meeting  other  Bodies,  the  Reliftance  of  which,  ,s  forced  ta 
it  could  not  overcome.  So  likewife  if  a  Body  moves  dofo% 
through  the  Sides  of  an  Odfagon,  we  can’t  but  fay,  that 


(1)  Natural  to  a  Body  in  Mo¬ 
tion )  Mr.  Perrault  in  his  'Tentam. 
Phyf.  Tom.  i.  £>.80,88.  contends, 
that  Motion  in  a  Circle  is  as  natu¬ 
ral  as  in  a  ftreight  Line  5  for  ter- 
reftrial  Bodies  turned  round,  endea¬ 
vour  to  go  off  from  the  Center  of 
their  Motion,  becaufe  they  are  hea¬ 
vy  j  but  if  a  Body  that  had  no 
Weight  at  all  were  turned  round,  it 
would  revolve  about  its  Center  freely 
without  any  Impulfe,  and  would  not 
endeavour  to  go  oft  from  it :  Thus 
if  a  Ball  of  Wax  be  fo  made  hollow, 
as  to  equal  in  Weight  an  equal  Bulk 
of  Water,  it  will  lb  comply  with 
the  Motion  of  the  Water  turned 
round  in  a  Veftel  full  of  Water, 
that  it  will  always  defcribe  the  fame 
Circle,  and  never  attempt  to  go  oft’ 
from  the  Center  of  its  Motion. 
But  ( befides  that  there  is  no  fuch 


Thing  as  a  Body  void  of  all  heavi- 
nefs)  this  Aflertion  is  contrary  to  all 
Reafon,  and  this  very  Experiment 
proves  nothing  lefs,  than  what  this 
eminent  Perfon  imagined  :  For 
what  can  be  more  evident,  than  that 
this  Ball  eadeavours  to  go  off  from 
the  Center  of  its  Motion,  but  can¬ 
not  get  off",  becaufa  all  the  Parts  of 
the  Water  endeavour  at  the  fame 
time  to  go  oft  from  the  fame  Center, 
and  with  the  fame  Force,  becaufe 
equally  folid  ;  and  therefore  fince  the 
Sides  of  the  Veftel  hinder  them  from 
going  all  off  together,  there  is  no 
reafon  why  the  Ball  of  Wax  fhould 
recede  from  the  Center,  and  impel 
the  Parts  of  the  Water  to  the  Cen¬ 
ter,  any  more  than  there  is  for  the 
Parts  I  of  the  Water  to  recede  from 
the  fame  Center,  and  drive  the  Ball 
thither. 


it 


So 


6.  If  that 
Force  ceafes , 
then  it  ought 
to  move  in 
the  Tangent 
of  that  Cir¬ 
cle  -which  it 
defcribe  d 
before . 

Tab.  II. 
Fig*  a. 


7.  B odiet 
which  mcve 
in  a  Circle , 
endeavour  to 
go  off  from 
the  Center  of 
the  Circle 
which  they 
defcribe,  and 
make  other 
Bodies  ap¬ 
proach  to  it. 


S.  That  a 
Body  in 
Motion  meet - 
tng  with 
another  Body 
wb  cb  it 
cannot  move , 
ought  to  be 
rrjleblid. 


RO  H  A  U  Li!*!  System  Part  I. 

it  is  eight  times  forced  to  turn  out  of  the  way  ;  and  fince 
a  Circle  is  equal  to  a  Figure  of  an  infinite  Number  of 
Sides  ;  it  follows,  that  a  Body  which  moves  in  a  Circle 
is  forced  to  turn  out  of  the  way  every  Moment,  either 
by  the  continual  Refiftance  of  Bodies  which  it  every  where 
meets  with,  or  becaufe  it  is  retained  by  fomething  which 
obliges  it  to  keep  always  at  the  fame  Diftance,  and  to 
run  through  the  Circle  defcribed  ;  otherwife  it  is  certain 
it  would  not  defcribe  a  Curve  Line  at  all. 

6.  For  Example  ;  if  the  Body  A  defcribes  by  its  Mo¬ 
tion  part  of  the  Circle  BCD,  it  mull  be  continually  turn¬ 
ed  out  of  its  Courfe  from  one  of  the  forementioned  Cau- 
fes :  If,  when  it  comes  to  the  Point  D,  it  Ihould  be  no 
longer  forced  ;  either  becaufe  the  Bodies  which  it  meets 
with,  Ihould  make  no  further  Refiftance,  or  the  Thread 
which  connedled  it  with  the  Center,  and  hindred  it  from 
flying  off,  Ihould  break  ;  it  would  not  continue  to  de¬ 
fcribe  the  Arch  DEB,  but  it  would  defcribe  a  ftreight 
Line,  which  would  run  the  molt  diredtly  that  is  poflible 
from  the  Arch  CD,  that  is,  it  would  defcribe  the  Line 
DF,  which  is  the  T angent  of  this  Circle,  and  makes  the 
leaft  Angle  that  can  be  with  the  Circumference,  and 
which,  as  you  fee,  grows  more  and  more  diftant  from 
the  Center  :  This  is  confirmed  by  an  infinite  Number  of 
Experiments. 

7.  And  fince  a  Body  in  Motion  has  always  a  Tendency 
to  defcribe  that  Line,  which  it  would  defcribe  if  it  were 
at  liberty ;  and  what  was  faid  of  the  Body  A,  is  to  be 
underftood  in  general  of  all  other  Bodies ;  we  mult  con¬ 
clude,  that  Bodies  which  move  in  a  Circle,  have  a  per* 
petual  T endency  to  recede  from  the  Center  of  their  Mo¬ 
tion;  and  this  they  ought  to  do  with  a  Force  fo  much 
the  greater,  as  their  Motion  is  quick.  Wherefore,  if  the 
greater  part  of  the  Space  contained  in  the  Circumference 
BCDE  be  full  of  Bodies  which  move  round  the  Center 
G,  they  will  pulh  all  the  other  Bodies  with  which  they 
are  encompafled,  and  drive  them  as  far  from  the  Center 
as  they  can :  But  if  thefe  Latter  can  find  no  Place  to  retire 
to,  they  will  be  forced,  in  order  to  give  Place  to  the  other, 
to  go  nearer  the  Center  ;  in  the  fame  manner  as  when  we 
dip  our  Hand  into  a  Pail  of  Water,  the  Water  is  forced  to 
give  way  to  our  Hand,  and  to  remove  from  the  Bottom, 
which  it  has  a  Tendency  to  by  its  own  Weight. 

8.  It  is  evident,  that  a  Body  lofes  fo  much  of  its  own 
Motion  as  it  communicates  to  other  Bodies  :  Now  if  it 
communicates  no  Motion  at  all  to  others,  (  we  do  not 

v  here 
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here  confider  what  may  be  occafioned  by  its  Softnefs, 
Weight  or  Figure)  we  have  no  Reafon  to  think  that  it 
fhould  at  all  abate  of  its  Velocity.  Wherefore  if  a  Bo¬ 
dy  in  Motion  ftrikes  upon  another,  which  it  cannot  move 
at  all,  we  ought  to  conclude,  that  it  will  continue  to 
move  on  with  the  fame  Celerity  as  it  did  before  ;  but 
becaufe  the  Body,  which  it  cannot  move,  hinders  its 
Determination ,  it  muft  necefiarily  alter  this  Deternnna- 
tion ,  that  is,  it  will  be  reflected. 

9.  This  Second  Determination,  may  indeed  be  con¬ 
trary  to  the  Firji :  but  becaufe  the  Notion  we  have  of 
reflected  Motion  is  not  different  from  the  Notion  we  have 
of  direff  Motion ,  we  ought  not  to  think  that  thefe  Mo¬ 
tions  are  contrary  to  each  other,  but  that  (1)  the  one  is 
only  a  Continuation  of  the  other,  and  confequently, 
that  there  is  not  any  Moment  of  Reft  in  the  point  of 
Reflexion,  as  fome  Philofophers  have  imagined. 

1  o.  Beftdes,  if  a  Body  which  was  in  Motion,  Comes 
to  be  but  one  Moment  at  Reft,  it  will  have  wholly 
changed  its  manner  of  exifting  into  the  contrary,  in  which 
there  will  be  as  much  Reafon  for  its  continuing,  as  if  it 
had  been  at  Reft  a  whole  Age  ;  in  the  fame  manner,  as 
if  a  Body  which  was  once  fquare,  was  made  round  but 
one  Moment,  it  will  have  as  much  Reafon  as  ever  it 
had,  to  continue  in  this  Figure. 

11.  When  a  Body  falls  perpendicular  upon  another, 
which  is  hard  and  immoveable,  it  is  evident,  that  the  Re¬ 
flexion  ought  to  be  made  in  the  fame  Line,  in  which 
the  Body  moved  before,  there  being  no  Reafon  why  it 
fhould  incline  one  way  rather  than  another  :  Wherefore 
there  is  no  Difficulty  in  this  Matter,  except  when  the 
Line  in  which  the  Body  begins  to  move  makes  oblique 
Angles  with  the  Superficies  of  the  Body  againft  which  it 
ftrikes.  But  the  Judgement  we  are  to  make  of  this,  de¬ 
pends  upon  what  we  are  going  to  fay  concerning  the 
Compofition  of  Motion,  and  of  its  Determination. 
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9.  That 
there  is  not  a 
Moment  of 
Reji  tn  the 
Point  of 
Ref  exion. 


ro.  Thai 
Ref  exion 
would  be 
impofible ,  if 
there  was  a. 
Moment  of 
Ref. 


1 1 .  That  a 
Body  which 
falls  per  pen-. 
dicularJy 
upon  ano¬ 
ther ,  ought  t 
to  be  refec¬ 
ted  perpen¬ 
dicularly  . 


(1)  The  one  is  cn'y  a  Continuation 
of  the  other )  But  it  is  not  fo.  For 
Bodies  which  are  either  abjoluteiy 
hardy  or  Jo  Joft,  as  to  be  void  of  E- 
laficity }  will  not  rebound  from  each 
other,  Impenetrability  only  mak  s 
tbemf'p.  Newt.  Optic,  pag.  373. 
See  above,  Chap.  x.  Artie.  1 3 
Further,  there  may  be  a  Moment 
of  Reft,  in  the  Point  of  Reflexion  : 
becaufe  the  reflected  Motion,  is  not 


a  Continuation  of  the  Direfl  j  but  a 
new  Motion  impreffed  by  a  new 
Force,  viz.  the  Force  of  Elaficity. 

As  to  what  our  Author  fays ;  that 
if  the  Body  refted  but  one  Moment, 
it  ought  as  much  tr  continue  in  that 
new  State  of  Reft,  as  if  it  had  refted 
a  whole  A«e  ;  it  is  indeed  true, with 
regard  ‘0  the  former  Motion  j  but 
fince  Elaficity  is  the  C?ufe  of  a  new 
Motion,  the  Reafon  is  very  different. 


V  O  L.  I. 


G  CHAP. 
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CHAP.  XIV. 

Of  the  Compofition  of  Motion ,  and  of  its  Deter¬ 
mination . 

1.  Wbat  is  ALL  Motion  that  depends  upon  two  or  more  Caufes, 

meant  by  u\.  call  Compound  Miotion  :  Thus,  if  one  Force 
tompound  a&ing  upon  the  Body  A,  would  caufe  it  to  move  along 
MoUOn'  the  Line  AB,  and  at  the  fame  time  another  Force  a&ing 
Tab.  II*  upon  the  fame  Body  A,  would  caufe  it  to  move  along  the 

Flg*  3‘  Line  AC,  the  Motion  which  will  arife  from  the  A&ion 

of  thefe  two  Forces,  or  from  thefe  two  Caufes,  will  be 

a  compound  Motion.  .  t 

2.  Two other  2.  In  order  to  find  out  what  Line  the  Motion,  which. 
Motions  be-  depends  thus  upon  two  Caufes,  ought  to  be  made  in  ; 
ing  given  to  jet  two  Lines  be  drawn,  which  the  Body  would  move 

fid  mT  in,  if  each  of  thefe  Caufes  produced  their  Effeft  fepa- 
tion,  rately.  F or  Example,  if  the  firft  Caufe  would  in  a  given 

Tab.  II.  Time,  make  the  Body  A  move  from  its  Place,  as  far  as 

lg’  3?  B  ;  and  if  the  Second  Caufe  would  in  the  fame  Time, 
make  it  move  to  C  ;  let  the  Lines  AB,  AC,  be  drawn  ; 
then  having  divided  the  Time  in  which  this  Motion  was 
made,  into  as  many  equal  Parts  as  you  will,  divide  the 
Line  AB  into  as  many,  by  the  Points  E,  F,  G,  and  the 
Line  AC  into  as  many  alfo,  by  the  Points  H,  I,  L  ;  fo- 
that,  if  the  firft  Caufe  aHed  alone,  the  Body  A  would 
come  to  the  Point  E,  in  the  firft  Part  of  the  Time  ;  to 
the  Point  F,  in  the  fecond  Part ;  to  the  Point  G  in  the 
third  Part ;  and  to  the  Point  B  in  the  Fourth  j  and  if  the 
fecond  Caufe,  produced  its  Effea  feparately,  the  Body 
A  would  come  to  the  Point  H,  in  the  firft  Part  of  T  ime ; 
to  the  Point  I  in  the  Second ;  to  the  Point  L  in  the 
Third;  and  to  the  Point  C  in  the  Fourth:  After  this, 
draw  the  right  Lines  EM,  FN,  GO,  BD,  parallel  to  the 
Line  AC  ;  %md  the  Lines  HP,  IQ,  LR,  CD,  parallel  to 
the  Line  AB  :  This  being  done,  the  Points  S,  1  ,  U,  D, 
where  thefe  Lines  interfedt  each  other,  will  determine  the 
Line  in  which  the  Compound  Motion  is  made. 

q.  For  it  is  certain,  that  the  firft  Caufe  is  anfwered,  by 
'men  fir  at  ion  allowing  the  Body  to  move  to  the  Line  EM  in  the  firft 
of  compound  part  Gf  Time,  and  the  Second  is  anfwered,  if  we  allow  it 
Motlon'  to  be  found  in  the  Line  HP  in  the  fame  time  ;  where¬ 
fore  both  thefe  Caufes  are  anfwered  at  once,  if  the  Body 

comes  to  both  the  Lines  EM,  HP ,  at  the  fame  Time  , 

which 
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which  it  cannot  do,  but  at  the  common  Point  S.  Again, 
t  is  evident,  that  the  firft  Caufe  is  anfwered,  if  we  allow 
:he  Body  to  come  to  the  Line  FN  in  the  fecond  Part  of 
Time  ;  and  the  fecond  Caufe  is  anfwered,  if  it  be  sl¬ 
owed  to  come  to  the  Line  IQ, in  the  fame  Time  ;  and 
;onfequently  it  is  certain,  that,  in  order  to  anfwer  both 
:hele  Caufes  together,  it  muft  be  found,  in  thefe  two  Lines 
it  the  fame  Time  ;  viz.  in  the  Point  T  where  they  in- 
:erfeff  each  other.  So  alfo  we  may  prove,  that  the  Body 
xight  to  be  found  in  the  Point  V,  where  the  Lines,  GO, 

LR,  interfeft  each  other,  to  anfwer  the  fame  two  Cau¬ 
ses  ;  and  at  laft  in  the  Point  D,  where  the  Lines  BD 
md  CD  interfetft  one  another  ( 1 ). 

4.  Where  (2)  the  fimple  Motions  are  equal,  as  in  the  4.  In  what 
irft  Figure,  the  compound  Motion  is  in  a  fir  eight  Line  :  Llneco™~ 
But  where  the  fimple  Motions  are  unequal,  as  in  the  Se-  £ 

:ond  Figure,  the  Motion  will  be  made  (3)  in  a  Line  made. 
differently  curved ,  according  to  the  different  Inequalities 
af  the  fimple  Motions. 


5.  If  more  than  two  Caufes  concur  to  produce  a  com-  5-  flow  to 
pound  Motion,  it  maybe  determined  in  this  manner :  ^termine  a 
Firft  draw  the  Line  in  which  the  Body  ought  to  be  mo-  poundldof 
i'ed,  i'o  as  to  anfwer  two  Caufes  ;  then,  taking  the  Mo-  mure  than 
don  in  this  Line,  as  if  it  arofe  from  one  Caufe  only, 
draw  the  Line  which  it  ought  to  defcribe,  fo  as  to  an-  °ne" 


( x )  Such  a  kind  of  Motion  as  this, 
is  that  ot  an  Arrow,  in  the  famous 
Experiment  of  a  Ship  under  full 
Sail  ;  where  an  Arrow  being  /hot 
perpendicularly,  falls  down  again  up 
on  the  fame  Place  on  the  Deck, 
whence  it  wasfhot:  For  the  Arrow 
has  a  double  Motion  impreffed  up  n 
it  at  the  fame  time  j  one  by  the  Bow 
or  Hand  which  /hoots  it,  and  the 
other  by  the  Ship  moving  along 
Something  like  this  was  oblerved  at 
Florence,  where  a  Ltaden  Ball  /hot 
perpendicularly  up  out  of  a  Musket 
fixed  in  a  Wooden  Carriage  made  to 
move  very  fwiftly,  fell  about  feven 
Foot  on  this  fide  the  Mouth  of  the 
Musket,  which  moved  Sixty  four 
P-ce.s.  See  Exper.  Acad,  del  Ci- 
mento.  p.  145,  Perhaps  the  Muf- 
ket,  was  not  erefted  exadlly  perpen¬ 
dicular,  or  was  moved  fomewhat 
fwifter  afcer  the  Ball  was  Ihot  out, 
than  when  it  was  /hot  j  or  if  neither 
ol  thel'e  happened,  yet  the  Refiftance 


0'  the  Ar,  which  could  not  but 
reiaid  the  Motion  of  the  Bal  ,  might 
perhaps  be  the  foie  Caufe  why  the 
Ball  fell  fo  much  on  this  fide  the 
Mu  sket- 

(z)  The  fimple  Motioni  are  equal) 
It  is  to  be  obferved,  that  thofe  fimple 
Motions  which  are  here 
compared  wirh  each  0-  Fig.  3. 
ther,  and  are  called  equal 
or  unequal,  are  not  thofe  of  different 
Determinations  (fuch  as  AB,  AC,) 
but  the  Paits  of  the  Motion  of  one 
and  the  fame  Determination  (  viz. 
A  E,  EF,  &c.  AH,  HI,  &c.  ) 
compared  together. 

(3)  In  a  Line  differently  curved ') 
When  one  or  both  the  fimpie  Mo¬ 
tions  is  altered  gradually  and  every 
Moment  ;  the  Line  which  is  defcri- 
bed,  may  be  conceived  to  be  bent  in¬ 
to  an  infinite  Number  of  fim all  Linea 
which  end  in  a  Curve-  Such  is  the 
Moticn  of  profiled  Bodie:.  Sec  the 
Notes  on  Part  11.  cb.  28,  Artie.  16. 
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Part  I. 


6.  That  the 
Motion  of  a 
Ball  out  of 
a  Cannon ,  is 
a,  compound 
Motion. 


7,  That  the 
levelling  it 
at  the 
Mark, 
(bonus  that 
the  Ball 
defends. 
Tab.  II. 
Fig*  4« 


g,  Wbat  is 
meant  by 
compound 
Determina¬ 


tion. 


Tab.  II. 
Fig*  5- 


9.  That  one 
and  the  fame 
Determina¬ 
tion  may  be 
compounded 
of  many  dif¬ 
ferent  ones- 


fwer  this  Caufe,  and  a  Third,  and  Toon,  if  there  be  a 
fourth  or  fifth  Caufe,  producing  its  particular  Effe£. 

6.  It  is  eafy  to  fee,  that  the  Ball  of  a  Cannon  which 
feems  to  be  driven  by  the  Fire  level  with  the  Horizon, 
does  notwithftanding  move  in  a  Curve  like  that  defcribed 
in  the  fecond  Figure;  for  there  are  two  Caufes  which 
concur  towards  its  Motion,  the  firft  of  which,  viz.  that 
which  caufes  the  Ball  to  move  upon  the  Level,  ought 
continually  to  diminifh,  becaufe  it  communicates,  by  lit¬ 
tle  and  little,  its  Motion  to  the  Air  which  it  difplaces  : 
and  the  fecond  ought  to  increafe,  becaufe  we  find  by  Ex¬ 
perience,  that  the  Fall  of  a  heavy  Body  is.  llower  at 
the  Beginning  than  afterwards. 

7.  The  Exadtnefs  of  the  Cannoneer  in  levelling  the 
Cannon  to  the  Mark  which  he  looks  at,  ought  not  to 
make  us  alter  our  Opinion,  and  to  think  immediately 
that  the  Ball  is  carried  in  a  ftreight  Line  :  For  if  we  ob- 
ferve,  that  the  Cannon  is  not  every  where  of  an  equal 
Thicknefs,  and  that  the  Line  AB  by  which  the  Mark 
is  aimed  at  ;  is  at  firft  above,  but  goes  afterwards  below 
the  Line  of  Direction  CD  ;  we  Shall  conclude,  that  if 
the  Ball  hits  the  Mark,  it  has  doubtlefs  fallen  a  little,  or 
elfe  it  would  have  gone  a  little  above  it. 

8.  As  there  are  Compound  Motions,  fo  alfo  are  there 
compound  Determinations ,  and,  it  may  be,  when  the  Mo¬ 
tions  are  the  moft  fimple  that  can  be :  Thus  we  fay,  a 
Determination  is  compounded  of  two  others,  when  a  Body 
moving  in  a  fimple  Line  to  a  certain  Place,  is  at  the  fame 
time  carried  two  different  Ways  ;  as  if  the  Body  A  be 
moved  with  a  fimple  Motion  from  A  to  B ;  becaufe  at 
the  fame  time,  it  continually  approaches  the  Lines  BC, 
BD,  we  fay,  that  the  Determination ,  by  which  it  is  car¬ 
ried  from  A  to  B,  is  compounded  of  two  others,  one 
of  which  would  make  it  go  towards  D,  and  the  other 
at  the  fame  time  carry  it  from  A  to  C;  and  thefe  Dis¬ 
tances  are  the  Meafure  of  its  Progrefs  towards  thefe  dif¬ 
ferent  Parts. 

9.  For  the  fame  Reafon  that  we  confider  any  one  De¬ 
ter  ?ninat  ion  as  compounded  of  two  fimple  Determinations , 
we  may  as  well  confider  it  as  compounded  of  innumerable 
others.  Thus  the  Determination  from  A  to  B  may  be 
confidered  as  compounded  of  the  Determinations  from  A 
to  E,  and  from  A  to  F  ;  becaufe  when  the  Body  A 
moves  from  A  to  B,  it  continually  approaches  BE  and  BF 

alfo* 
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alfo,  from  which  it  was  diftant  by  the  Length  AE  and 
AF  (1).  10.  But 


(t)  From  this  Principle,  the 
Method  of  explaining  the  Forces  of 
the  Mccbanick  Powers  (  as  they  are 
called,)  may  excellently  well  be 
deduced. 

For  fince  a  Body  with  two  united 
Forces,  always  defcribes  the  Diago¬ 
nal  of  a  Parallelogram,  in  the  fame 
Time,  as  it  would,  do  the  Sides,  if 
the  Forces  were  feparate  ;  it  is  evi¬ 
dent,  that  any  Force  whatsoever,  ail¬ 
ing  in  a  given  Direftion,may  be  look¬ 
ed  upon  as  the  EfEft  of  two  other 
Forces  acting  in  Direftions,  which 
at  the  fame  Point,  fhall  on  each  fide, 
be  any  way  inclined  to  the  given  Di- 
reftion,  provided  they  make  an  An¬ 
gle  lefs  than  two  right  ones  :  And 
this  is  abundantly  confirmed  in  Me- 
chanxks  ;  for  by  fuch  a  Refolution 
of  a  given  Force  into  two  others, 
the  known  Properties  of  the  Me* 
chanick  Powers,  fuch  as  the  Bal - 
lance ,  the  inclined  Plain ,  See.  msy 
eafily  be  deduced. 

Of  the  Ballance  or  Leaver.  Prop.  I» 

If  two  Forces,  which  aft  upon  the 
Arms  of  a  Ballance  in  given  Direc¬ 
tions  that  are  in  the  fame  Plain 
with  thofe  Arms,  ballance  one  ano¬ 
ther  ;  thefe  Forces  are  to  each  other 
reciprocally,  as  Perpendiculars  let 
fall  from  the  Center  of  the  Ballance, 
to  their  Direftions. 

DEM  — r(  See  Newt.Princ .  pag.  14. 

Let  C  be  the  Center  of  the  Bal¬ 
lance  C/>,  CP  the  Arms, 
Tab.  XX.  Ep,  PA  the  Direftions  of 
fig.  1.  theForces  atting  upon  the 
Arms  Cp,  CP.  Let  CE 
be  drawn  perpendicular  to  />E,  and 
CD  to  PA,  meeting  them  in  Eand 
D.  On  the  Center  C,  and  with  the 
Radius  CE,  viz.  the  longeff  of  the 
Perpendiculars,  let  a  Circle  be  de- 
feribed  which  thill  interfeft  the  Di- 
reft:on  of  the  Force  P  in  A,  and  let 
the  Line  CA  be  drawn  ;  to  which 
let  AG  be  drawn  perpendicular,  and 
GF  parallel,  meeting  DPA  in  F. 

It  is  evident,  that  the  Arms  of  the 
Ballance  CP,  Cp,  maybe  looked  up¬ 
on  as  Lines  that  will  not  bend,  ly¬ 
ing  in  the  Plain  moveable  about  the 
Center  C ;  and  the  fame  may  be 
undsrftood  of  any  other  Lines  drawn 


through  the  Center  C,  and  lying  in 
the  fame  Plain.  Now  fince  it  is  ma- 
nifefl,  that  there  is  no  difference  in 
what  Points  of  the  Lines,  in  which 
the  Forces  P  and  />  aft,  thofe  Forces 
are  placed  ;  fince  wherefoever  they 
are  in  thofe  Lines,  they  will  have 
exaftly  the  fame  Power  to  turn  the 
Plain  CDA/»E  about  its  Center  :  the 
Forces  P  and  p  may  be  fuppofed  to 
be  in  the  Points  A  and  E  Then  the 
Force  P,  fuppofed  to  be  in  A,  may 
be  refolved  (  as  was  before  obferved  ) 
into  two  other  Forces:  Oneofwhich 
may  aft  according  to  the  Line  CA 
produced,  and  the  other,  according 
to  the  Line  AG  ;  and  which  may  be 
to  each  other  as  FG  to  GA;  but  each 
of  them  fingly  to  P,  as  FG  and  AG 
fingly  to  AF  j  as  will  be  evident,  if 
the  Triangle  AGF  becomp'eated  in 
the  Parallelogram  AGF^.  It  is  alfo 
manifeft,  that  the  Force,  whichisas 
FG,  and  which  afts  according  to  the 
Line  CA  palling  through  the  Center 
of  the  Plain,  does  nothing  at  all  to¬ 
wards  turning  that  Plane  about  the 
Center  C  ;  but  the  Force  which  is  as 
AG,  and  which  draws  the  Line  CA 
perpendicularly;  fince,  by  the  Hypo- 
thefis,  it  bailances  the  Force/», which 
draws  the  Line  CE,  equal  to  CA  [by 
Conftru&ion)  perpendicularly  alfo  it 
muff  necefiarily  be  equal  to  it. 
Wherefore  p  will  be  to  P  as  AG  to 
AF  5  or  as  DC  [by  rtafn  of  tbeji- 
milar  triangles  FGA,  ACD )  to 
CAorCE:  That  is,  the  Forces/» 
and  P  are  to  one  another  reciprocally 
as  Perpendiculars  let  fail  from  the 
Center  to  the  Lines  in  which  they  aft. 

C  0  R  0  L  L. 

If  the  Arms  lie  in  a  ffreight  Line 
and  the  Determinations  of  the  For¬ 
ces  be  parallel,  it  is  evident,  that 
the  Forces  are  reciprocally  as  the 
Length  of  the  Arms. 

2.  Hence  alfo,  in  the  Angular  Bal¬ 
lance  PC p,  which  turns 
about  the  immoveable  Tab.  XX, 
Center  C  ;  the  Situation  Fig.  2. 
which  it  will  be  in ,  when 
any  two  given  Bodies  are  fixed  to  the 
Ends  P  and  />,  may  be  determined. 
For  if  the  Line  P/>  Which  joins  the 
Ends  of  the  Ballance,  be  divided  in 
r ec  pr c  cal  Proportion  to  the  W ei  ghts , 
G  3  and 
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10.  But  it  is  not  necefiary  te  confider  all  the  fimple 
Determinations ,  of  which  One  may  be  compofed :  It  is  dif¬ 
fident 


and  the  Point  of  .  Divifion  T  be 
made  in  the  LineCT  drawn  through 
the  Center,  parallel  to  the  Direction 
of  the  Weights;  I  fay  it  is  done: 
F  r  PD  and />E  being  drawn  paral¬ 
lel,  and  DCE  perpendicular  to  CT  ; 
it  is  evident  that  DCE  is  divided  in 
C,  in  the  fame  Proportion  that 
PT p  is  in  T,  and  that  the  Weights 
,may  be  fuppofed  to  be  piaced  in  the 
Poin  s  D  and  E.  Wherefore  th;s 
will  be  the  situation  of  the  Points  P 
and  />,  that  is,  of  the  B  llanceit  felf 
when  the  We:ghts  are  in  aquilibno. 

3.  In  the  Bal  lance  or  Leaver,  it 
is  evident,  that  two  For- 
Tab.  XX.  ces.ftich  as  P  indp  which 
Fig.  1.  when  the  Ballance  libra tes 
to  and  fro,  are  recipro¬ 
cally  as  he  Velocities  of  the  Points 
Dand  E,  reckoned  according  to  the 
Directions  of  thofe  Forces,  will  bal¬ 
lance  e<*ch  ether. 

Of  the  Inclined  Plain.  Prop.  II. 

If  a  Force,  with  a  given  Direc¬ 
tion,  fupports  a  Weight  upon  an  in¬ 
clined  Plain  ;  that  Force  is  to  the 
Weight,  as  the  Sine  of  the  Inclina¬ 
tion  of  the  Plain,  to  the  Sine  of  the 
Argie  which  is  made  by  the  Line  in 
which  the  Force  »£ts,  and  the  Line 
perpendicular  to  the  Plain. 

DEM. 

Let  AB  be  the  inclined  Plain,  P 
the  Weight  fupported, 
Tab.  XX.  DPV  the  Direction  of 
Fig.  3.  the  Force  which  fupports 
the  Weight.  Let  PC  be 
drawn  perpend  cular  to  AB  ;  and 
from  the  Point  C,  let  CB  be  drawn 
parallel  to  the  Horizon,  and  per¬ 
pendicular  to  the  common  SeCFon  of 
the  Plain  and  the  Horizon,  meeting 
the  Plain  in  B  ;  and  CA  perpendi¬ 
cular  to  the  Horizon  and  alio  to  CB, 
meeting  the  Plain  in  A,  and  the 
Line  in  which  the  Force  aCis  ia  V, 

Now  P  may  be  conceived  to  be 
held  unmoved  by  three  Forces  afting 
together  :  one  of  which  is  the  Force 
ot  the  Weightit  felf  tending  down- 
waids  in  a  Line  paiallel  to  VC  ;  the 
Second  is  the  Force  aCFng  in  the 
Line  DP  V, and  the  Third  is  the  Re¬ 


finance  of  the  Plain  it  felf,  a  Cling 
in  the  Line  CP  perpendicular  to 
the  Plain  :  But  thefe  three  Forces 
are  to  each  other  (  from  what  was 
fa  id  before  )  as  the  Sides  of  the 
Triangle  VPC  ;  as  will  be  evident, 
by  drawing  a  Line  through  P  pa¬ 
rallel  to  VC,  and  cempleating  the 
Parallelogram.  The  Force  there, 
fore  is  to  the  Weight  which  it  fuf- 
tains,  as  PV  to  VC  ;  that  is,  as 
the  Sine  cf  the  Angle  VCP,  or 
ABC,  to  the  Sine  of  the  Angle  CPV 
or  CPD.  E.  D. 

C  0  R  0  L  L. 

1.  If  the  Puints  V  and  A  coincide, 
that  is,  if  the  Force  aCls  according 
to  the  DireClion BA, the  Angle  CPD 
will  be  a  right  Angle  ;  and  therefore 
in  that  Cafe,  the  Force  is  to  the 
Weight,  as  the  Sine  of  the  Inclina¬ 
tion  of  the  Plain,  to  the  Radius,  or 
as  the  Height  of  the  Plane  AC,  to 
its  Length  AB.  And  in  this  Cafe,  the 
Force  which  is  requir’d  to  fupport  a 
given  Weight  is  leaft  of  all  ;  becaufe 
the  Proportion  of  the  Sine  of  the 
Inclination  of  the  Plain,  to  the 
Radius  ;  is  lefs  than  its  Proportion 
to  any  other  Sine  whatfoever. 

2.  If  the  Point  V  falls  above  A; 
the  greater  the  Angle  APV  is,  fo 
much  the  more  Force  is  neceffary  to 
fupport  the  given  Weight  upon  the 
Plain  AB.  Infomuch,  that  by  in- 
creafing  the  Angle  APV,  the  Pro¬ 
portion  of  the  Sine  of  the  Angle 
ABC,totheSineof  the  Angle  CPD, 
is  alfo  increafed,  ’till  PV,  AV, 
becoming  parallel,  and  the  Angles 
VCP,  CPD  for  that  Reafon  equal, 
the  Force  and  the  Weight  will  alfo 
become  equal. 

3 .  So  likewife,  if  the  Point  V  falls 
below  A,  as  at  v}  the  Force  requi¬ 
site  to  fupport  the  given  Weight,  is 
again  increafed  ;  the  Angle  AP<z/  being 
increafed,  till  P «z/,  t»C  bee  me  equal, 
and  then  the  Force  and  the  We:ght 
will  become  equal  again.  Further, 
when  the  Lines  Pv,  PC  coincide, and 
theAnglex’PC  by  th  \t  means  vanilh- 
es,  the  Sine  of  the  Augle  ABC  will 
bear  an  infinite  Proportion  to  the 
S:r,e  of  that ;  that  is,  no  finite  Force 
whatfoever,  adling  in  a  Line  per¬ 
pendicular  to  the  Plain,  will  be  able 

to 
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ficient  to  confider  thofe  which  we  have  occafion  for  in 
the  explaining  any  Difficulties  ;  herein  imitating  Geome¬ 
ters, 


to  fupport  the  Weight  upon  the 
Plain. 

4,  If  the  Line  in  which  the  Force 
adts  be  parallel  to  the  Bafe  of  the 
Plain,  the  Weight  is  to  the  Force 
which  fupports  it,  as  BC  to  CA,  or 
as  the  Bafe  of  the  Plain  to  theHeight 
of  it. 

5.  If  from  the  Point  P,  PF  be 

let  falfl  perpendicular  to 
Tab.  XX.  BC,  aW  from  the  Point 
Fig.  4.  C,  CG  perpendicular  to 
VP  $  it  will  eafily  ap¬ 
pear,  that  PV  is  to  VC  (that  is,  the 
Force  is  to  theWeight)  as  CF  to  CG. 
Wherefore  the  Force  and  the  Weight 
will  then  fupport  one  another  upon 
an  inclined  Plain,  when  they  are  to 
each  other  reciprocally  as  Perpendi¬ 
culars  drawn  from  the  Point  C  to  the 
Lines  in  which  they  adt  $  (or,  if 
GCF  be  looked  upon  as  an  angular 
Ballance  moveable  about  the  Center 
C)  reciprocally  as  the  Velocities  of 
the  Points  G  and  F  reckoned  upon 
the  Lines  in  which  the  Forces  a£t. 

Of  the  Wedge ,  Prop.  3. 

If  three  Forces  adting  together  up¬ 
on  aij  Ifofceles  Wedge,  in  Lines  per¬ 
pendicular  to  the  three  Plains  of 
the  Wedge  j  two  of  which  Forces, 
•viz.  thofe  adting  upon  the  Sides  are 
equal  to  each  other,  and  the  Direction 
of  the  Third  which  adts  upon  the 
Bafe  of  the  Wedge,  paffes  through  its 
Vertex $  if,  I  fay,  thefe  three  Forces 
fupport  each  other,  the  Force  adting 
upon  the  Bafe,  will  be  to  the  other 
Two,  as  the  Bafe  of  the  Wedge,  to 
the  Sum  of  its  Sides. 

DEM. 

Let  ABC  reprefent  a  Wedge  $  and 
let  CG  be  perpendicular 
Tab.  XX.  to  AB,  and  GD,  Gd 
Fig*  5*  perpendicular  to  AC, 
BC  ;  and  thefe  will  be 
the  Diredtions  of  the  three  Forces. 
In  the  Lines  GD,  Gd  produced,  let 
DE  and  de  be  taken  equal  to  each 
other,  which  may  therefore  repre- 
fentthe  two  equal  Forces,  which  adt 
upon  the  Sides,  in  the  Diredtions 


ED,  e  d .  Let  EF,  e f  be  drawn 
parallel  to  AB,  and  DF,  d f>  paral¬ 
lel  to  GC,  fo  as  to  form  the  Trian¬ 
gles  DEF,  d  ef.  New  each  of  the 
Forces  ED,  e  d,  may  be  imagi¬ 
ned  to  be  refolved  into  two  other 
Forces,  which  are  to  each  other  as 
EF  to  FD,  and  ef  to  fd:  And 
to  adt  in  thofe  Lines :  And  thofe 
two,  which  are  as  EF,  e  f  becaufe 
they  are  equal,  and  oppofite,  will 
deftroy  each  other.  But  the  Force 
which  adts  upon  the  Bafe  AB,  in  the 
Line  GC  j  becaufe  it  fupports  the 
two  other  Forces  FD,  f  d :  both 
which  are  the  fame  way,  and  adt  in 
a  contrary  Diredlion  to  that  Force 
upon  the  Eafe  ;  is  therefore  equal  to 
the  Sum  of  them.  The  Force  there¬ 
fore  adting  upon  the  Bafe  of  the 
Wedge,  is  to  the  Sum  of  the  Forces 
adting  upon  its  Sides  as  DF  -j-  df 
to  DE-j -d  e  or  [by  the  fimilar  Tri¬ 
angles)  AG-f-GB  that  is  AB  to 
AC  — CB. 

C  0  R  R  0  L. 

The  Velocities  of  the  Wedge,  and 
of  the  Body  refilling  it,  reckoned  in 
the  perpendicular  Diredlion  before 
explained,  are  to  each  other  recipro¬ 
cally  as  the  Force  adting  upon  the 
Bafe,  to  the  Force  adting  upon  the 
Sides  of  the  Wedge,  when  thefe  For¬ 
ces  are  in  aquilibrio. 

For  when  the  Wedge  ABC  is  dri¬ 
ven  up  to  the  Top,  or  is 
in  the  Situation  a  b  c,  it  Tab.  XX. 
is  evident,  that  the  Parts  Fig.  6. 
of  the  Body  that  is  clea¬ 
ved,  have  receded  from  each  other, 
the  Length  gd  or  GD,  in  the  Di. 
redtion  of  the  Line  perpendicular  to 
AC  or  a  cj  GC  therefore  is  the  Ve¬ 
locity  of  the  Wedge,  and  G  d  the 
Velocity  of  the  refilling  Body.  But 
(by  the  fimilar  Triangles )  GC  is  to 
GD,  as  AC  to  AG,  that  is,  as  AC 
-{-CB  t0  AB.  And  the  Proportion 
will  be  evidently  the  fame,  whatever 
Situation  the  Wedge  be  in,  between 
the  Parts  of  the  Body  to  be  cleaved 
by  it. 

Of 


G  4 


88 


RO  H  AULT’s  System 


ters,  who  did  not  draw  from 


Qf  the  Screw. 

A  Definition. 

If  the  Plain  of  the  Triangle  ABC 
(whofe  Hypothenufe  re- 
Tab.  XX.  prefents  iuch  an  inclined 
Fig.  7 .  Plain,  as  was  explained 
above  in  the  ad  Propofi- 
tion)  be  conceived  to  be  fo  fitted  to 
the  Concave  Superficies  of  a  hollow 
Cylinder  (the  Circumference  of  whofe 
Baie  is  equal  to  the  Line  BC)  that, 
the  Plain  ABC  coinciding  with  the 
Superficies  of  the  Cylinder,  the  Line 
B  C  may  be  b$nt  imo  the  Periphery 
of  a  Circle  equal  aqd  parallel  to  the 
Circumference  of  the  Bafe  ;  the  Line 
B  A  will  form  a  kind  of  Spiral,  af- 
cending  upon  the  Cylindrical  Super¬ 
ficies,  and  furrounding  it  once  :  So 
Jikewife,  it  feveral  Planes,  fuch  as 
■A  a  c,  equal  and  fimilar  to  the  foi- 
nier,  and  whofe  right  Angles  are 
fiibtended  by  the  Line  B  A  produced, 
be  irpagined  to  be  fitted  in  the  fame 
manner,  to  the  fame  Superficies,  di- 
ftant  from  each  other,  by  the  Space 
AC  or  ac  (their  common  Height) 
there  will  be  many  Spirals  formed  by 
the  Lines  A  a,  &c.  all  continued 
from  one  to  another,  ar.d  each  of 
them  pnee  furrounding  the  Cylindri¬ 
cal  Superficies.  Further,  if  other 
Plains  fimtlar  and  equal  to  A  B  C  be 
conceived  in  the  fame  manner  to  be 
fitted  to  the  gibbous  Superficies  of 
another  Cylinder,  whofe  Bale  is  e- 
qual  to  the  Bafe  of  the  Concave  Su¬ 
perficies  of  the  former  Cylinder  ; 
there  will  by  this  means  be  Spirals 
formed  in  this  gibbous  Superficies, 
exactly  like  thole  in  the  Concave 
one  before.  Now  if  the  latter  Cy¬ 
linder,  wh:ch  may  be  turned  about 
its  Axis,  by  means  of  a  Leaver  paf- 
fing  through  the  Center  of  any  of 
its  Bales,  and  lying  in  the  Plain  of 
that  Bafe,  be  imagined  to  be  fo  pla¬ 
ced  within  the  former  Cylinder, 

.  which  is  fixed  and  immoveable,  that 
the  Superficies  agreeing,  the  Sp  rals 
.  fp. med  in  each  Supcrfie'es,  may  a- 
gree  with  one.  another  allb  ;  and  if  it 
be  fo  contrived,  that  they  /hail  al¬ 
ways  thus  agree,  when  the  internal 
Cylinder  is  turned  about  its  Axis,anil 
its  Bafe  recedes  from  or  approaches  to 
rhe  Bafe  of  the  external  Cylinder  ;  it 
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one  Point  all  the  Lines  that 

can 

is  evident,  that  two  Screws,  the 
Male  and  the  Female  may  be  con. 
ceived  to  be  thus  generated. 

PROP.  IV. 

In  the  Screw,  as  the  Altitude  of 
one  Spiral,  is  to  the  Circumference  of 
the  Circle,  whofe  Radius  is  the  Lea¬ 
ver  by  which  the  internal  Cylinder  is 
turned  round  ;  fo  is  the  Force  per¬ 
pendicularly  applied  to  the  End  of 
that  Leaver,  to  the  Weight  lifted  up 
by  the  Screw,  when  the  Force  and 
the  Weight  are  in  aquilibrio. 

DEM. 

Let  the  Axis  of  the  Screw  be  per¬ 
pendicular  to  the  Hori¬ 
zon  ;  and  the  Pofition  of  Tab.  XX* 
the  Leaver,  by  which  Fig.  S. 
the  internal  Cylinder  is 
turned  about  its  Axis,  will  be  Hori¬ 
zontal.  Let  the  Weight  be  placed 
any  where  in  the  Line  of  the  Axis  ; 
and  then  that  Weight,  by  means  of 
the  internal  Cylinder,  will  prefs  with 
equal  Force  (in  Diredtions  perpen¬ 
dicular  to  the  Horizon)  upon  every 
individual  Point  of  the  Spirals  of  the 
external  Cylinder  j  and  the  Sum  of 
the  Forces  with  which  all  thofe 
Points  are  prefTed,  will  be  the  fame 
a9  the  whole  Weight  to  be  lifted 
up.  But  let  us  fir  ft  confider  the 
Force,  or  that  part  of  the  whole 
Weight,  which  prefles  upon  any  one 
particular  Point.  Now  it  is  eafy  to 
fee,  that  the  fame  Force,  in  a  hori¬ 
zontal  Direction,  which  is  able  to 
fupport  the  Weight,  which  prefles 
upon  any  one  Point  of  the  Spiral, 
upon  the  inclined  Plain  of  wfrlcb 
that  Spiral  is  formed  ;  that  fame 
Force  with  the  fame  Dire£tion,  is 
alfo  fufficient,  to  fupport  that  fame 
Weight  upon  the  Spiral  j  and  that 
there  is  plainly  no  difference,  whe¬ 
ther  this  Force  be  immediately  ap¬ 
plied  to  the  Point  which  is  prefled  ; 
or  be  in  any  other  Line  touching  the 
Bafe  of  the  internal  Cylinder.  L«t 
B  C  therefore  be  the  Circumference 
of  that  Bafe;  AC  the  Radius;  AG 
the  Leaver  by  which  theinternal  Cy- 
lender  is  turned  about  its  Axis  ;  FGH 
theCircle  deferibed  by  the  RadiusAG. 
Thefe  Things  being  fuppofed  ;  from 
wh.  t  has  been  laid,  together  with 
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can  be  drawn  from  it,  but  fuch  only  as  they  think  may 
be  of  ufe  in  their  Demonftrations. 


the  Definition  of  a  Screw,  and  the 
4th  Coroll,  of  the  2d  Prop*  it  fol¬ 
lows  ;  that,  as  the  Height  of  one 
Spiral,  to  the  Periphery  BC  j  fo  is 
the  Force  applied  to  the  Point  C, 
in  a  Direction  perpendicular  to  AC, 
to  that  part  of  the  whole  Weight, 
which  that  Force  fupports  upon 
any  one  pomt  of  the  Spiral.  At  id 
(  by  the  Property  of  tbe  Leaver  ) 
as  the  Circumference  BC,  is  to 
the  Circumference  FH  $  (  that  is, 
as  AC  to  A  G  j )  fo  is  the  Force 
exercifed  in  Gto  the  Force  exercifed 
in  C  j  becaufe  the  Diredlions  of 
thefe  Forces  being  parallel  ,  they 
have  equal  Power  on  the  Leaver 
ACG,  whofe  Center  is  A.  There¬ 
fore  ( equally  by  Perturbation  )  as 
the  Height  of  one  Spiral,  to  the 
Periphery  FH  j  fo  is  the  Force 
which  exercifed  in  G,  fupports  that 
part  of  the  whole  Weight,  by  which 
any  one  Point  of  the  Spiral  is  pref- 
fed  j  to  that  part  of  the  Weight  it 
felf  :  And  as  the  Force  which  fup¬ 
ports  that  one  particular  Part  of  the 
whole  Weight,  is  to  that  one  parti¬ 
cular  part  of  the  Weight ;  fo  is  the 
Force  which,  adting  in  the  fame 
Direction,  fupports  all  the  Parts  of 
the  Weight ,  that  is ,  the  whole 
Weight  j  to  all  thofe  parts  together; 
that  is,  tofupportthe  whole  Weight. 
Therefore,  &c.  Q^E,  D. 

C  0  R  0  L  L. 

The  Circular  Velocity  of  that 
Force  by  which  the  Screw  is  turned 
round,  and  the  Velocity  of  the 
We:ght,  which  is  lifted  up  by  means 
of  the  Screw,  are  to  each  other  re¬ 
ciprocally  as  thofe  Forces  when  they 
are  in  aequilibrio.  For  it  is  evi¬ 
dent,  that  in  a  whole  Revolution 
of  the  Leaver,  the  Weight  is  raifed 
juft  the  Height  of  one  Spiral,  and 
that  in  every  Part  of  the  Revo¬ 
lution,  the  Weight  is  raifed  pro- 
portionably. 

Of  the  Pulley  or  JVindlefi.  Prop.  5. 

It  is  evident,  that  the  Pulley  may 


be  accounted  for,  in  the  fame  man¬ 
ner  as  the  Ballance  or  Leaver,  in 
which  the  Forces  are  imployed  ei¬ 
ther  on  the  fame  Side  of  the  Cen¬ 
ter,  or  on  both  Sides :  Which, 
when  they  are  in  aequilibrio ,  are  to 
each  other  reciprocally  as  Perpendi¬ 
culars  let  fall  from  the  Point  which 
reprefents  the  Center  of  the  Leaver, 
to  their  Dirediiom.  And  hence 
the  Forces  of  Engines,  which  con- 
fift  of  many  Pulleys,  according  as 
they  are  differently  framed,  may 
eafily  be  explained.  If  the  Com- 
pofition  of  the  Pulleys,  or  the  man¬ 
ner  of  framing  the  Windlefsbe  fuch, 
that  the  Ropes  which  are  fitted  to 
the  Pulleys,  are  parallel  to  one  a- 
nocher  ;  and  the  Weight  be  fo  fuf- 
pended  in  the  midft  of  the  Ropes, 
as  to  draw  every  one  of  them  with 
equal  Force  ;  it  is  felf  evident,  that 
the  Force,  is  to  the  Weight  which 
it  fupports;  as  One,  to  the  Number 
of  Ropes.  For  when  that  Force  is 
applied  to  one  of  the  Ropes  only,  it 
is  direflly  oppofed  to  that  part  on¬ 
ly  of'  the  whole  Weight,  which 
draws  that  Rope ;  the  Pin  to  which 
the  Windlefs  is  fixed,  fupporting 
the  other  Parts  of  the  whole 
Weight. 

It  is  alfo  evident,  that  in  this 
Engine,  the  Force  and  the  Weight, 
when  they  are  in  aequilibrio ,  are  to 
each  other  reciprocally,  as  their  Ve¬ 
locities,  when  the  Force  raifes  the 
Weight.  For  it  is  manifeft,  that 
thefe  Velocities  are  to  each  other, 
as  the  Decreafe  of  the  Length  of  all 
the  Ropes  which  fupport  the  Weight 
taken  together,  to  the  Increafe  of 
the  Length  of  the  Rope  to  which 
the  Force  is  applied,  in  the  fane 
time ;  and  that  juft  fo  much  as  is 
loft  in  a  given  time  in  all  the 
Length’s  of  the  Ropes  which  fup- 
pert  the  Weight ;  the  very  fame  is 
gained,  in  the  fame  time,  in  the 
one  Length  of  that  Rope  to  which 
the  Force  is  applied. 
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I.  Wbat  it 
meant  by 
Reflexion 
and  Refrac¬ 
tion. 


■2.  An  In  - 
fiance  of  Re¬ 
flexion. 

Tab.  II. 
Fig.  6. 


3.  That  the 
Angle  of  Re¬ 
flexion  is  e- 
pual to  the 

■Jl 

Angle  of 
Incidence. 


CHAP.  XV. 

Of  Reflexion  and  Refraction* 

'T'  HAT  we  may  apply  what  has  been  faid  to  Tome 
-*■  Advantage,  we  fhall,  by  the  help  of  it,  explain  the 
Manner  of  Reflexion  and  Refraction.  But  to  avoid  the 
Error  of  the  Antients,  who  confounded  thefe  two  T hings 
together,  we  may  obferve ;  that  by  Reflexion  is  meant  no¬ 
thing  clfe  but  the  Bending,  or  Alteration  of  the  Deter¬ 
mination ,  when  a  Body  in  Motion,  ftrikes  againft  ano¬ 
ther  Body  which  it  cannot  penetrate  ;  and  by  Refraction 
is  meant' the  Bending  or  Alteration  of  the  Determination , 
when  a  Body  in  Motion,  pafies  out  of  one  Medium  into 
another,  which  receives  it  with  more  or  lefs  Difficulty. 

2.  Suppofe,  for  Example,  that  the  Body  A,  which 
is  perfectly  hard,  moves  with  a  fimple  Motion,  in  the 
Line  AB,  and  that  it  meets  with  the  Body  CDEF, 
which  I  fuppofe  to  be  perfectly  hard  likewife,  and  not  to 
be  fhaken :  T hen,  from  what  has  been  faid,  it  follows, 
that  the  Body  A  ( 1 )  ought  to  continue  in  Motion,  be- 
caufe  it  does  not  communicate  any  part  of  its  Motion  ; 
and  it  ought  to  be  ftruck  back,  becaufe  it  cannot  go  on 
in  a  {freight  Line  :  But  let  us  fee  how,  and  which  way  : 
And  that  we  may  not  multiply  Difficulties,  we  do  not 
now  confider,  what  will  arife  from  its  Bignefs,  Figure  or 
G  ravity  :  Let  us  fuppcfe  likewife,  that  the  Air  makes  no 
Refinance  to  it,  and  that  it  moves  with  equal  Velocity. 

3.  This  being  fuppofed,  let  a  Circle  be  defcribed  on  the 
Center  B,  and  with  the  Diftance  BA  >  and  for  the  fame 
Reafon  that  the  Body  A  comes  from  the  Circumference 
to  the  Center  in  a  given  T  ime,  it  ought  to  go  from  the 
fame  Center  to  fome  Point  of  the  Circumference  of  this 
Circle  in  the  fame  Time  :  Now  to  determine  that  particu¬ 
lar  Point ;  from  the  Points  A  and  B,  let  the  Lines  AG, 
BH  be  drawn  perpendicular  to  the  Superficies  CF  ;  and 
the  Line  AHI,  parallel  to  that  Superficies :  Now  we  may 
obferve,  that  though  the  Body  A  is  carried  with  a  fimple 
Motion,  it  is  however  true,  that  with  refpedf  to  the  Bo¬ 
dy  CDEF,  its  Determination  in  the  Line  AB,  is  com¬ 
pounded  of  two  others,  the  one  of  which  makes  it  go 
towards  the  right  Hand,  by  the  Length  of  the  Line  AH, 

(1)  Oufht  to  continue  in  Motion)  See  above.  Chap.  x.  Art.  13, 

or 
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or  which  is  equal  to  it,  GB;  and  the  other  makes  it  come 
downwards  towards  GB,  by  the  Length  of  the  Line  AG. 
Now  we  may  further  obferve,  (1)  that  the  Body  CDEF  T.ab* 
refills  the  Determination  downwards,  but  that  it  does  not  Flg’ 
at  all  refill  the  Determination  towards  the  right  Hand, 
that  is,  that  part  of  the  Motion  which  is  determined  to¬ 
wards  the  right  Hand,  which  confequently  (2)  ought  to 
continue  as  it  began.  So  that  the  Body  A  having  in  a  gi¬ 
ven  Time  with  this  Determination,  palfed  through  the 
Space  contained  between  the  Lines  AG,  HB,  that  is,  mo¬ 
ved  the  Length  of  the  Line  AH  or  GB,  it  ought  in  the 
fame  time  to  pafs  through  an  equal  Quantity  again,  or 
which  amounts  to  the  fame  Thing,  it  ought  at  the  End 
of  this  Time,  to  be  found  in  the  Line  IL,  which  I  fup- 
pofe  to  be  perpendicular  to  the  Superficies  CF,  and  the 
fame  Diltance  from  HB,  as  HB  is  from  AG.  So  that, 
to  fatisfy  that  part  of  the  Motion  which  is  towards  the 
Right,  which  does  not  alter  at  all,  we  find  that  the  Body 
A  in  the  given  Time,  ought  to  be  fomewhere  in  the 
Line  IL.  But  to  fatisfy  the  whole  Motion,  we  have 
before  ftiown,  that  it  ought  in  the  fame  Moment  to  be 
fomewhere  in  the  Circumference  of  the  Circle  :  There¬ 
fore,  that  thefe  twro  may  be  both  fatisfied  together,  we 
ought  to  conclude,  that  it  will  at  the  fame  Time,  be  in 
the  Circumference  of  the  Circle,  and  in  the  Line  IL  to¬ 
gether,  which  can  be  no  where  elfe  but  in  the  Point  I 
which  is  common  to  them  both.  Thus  we  fee  the  Body  A 
which  began  to  move  in  the  Line  AB,  is  reflected  in  the 
Line  BI,  which  makes  with  the  Superficies  CF  the  Angle 


(1)  ’That  the  Body  CDEF  rejijis  the 
Determination )  If  the  incident  Body 
A,  and  the  Body  CDEF  upon  which 
it  ftrikes,  are  void  of  all  Elafticity; 
the  Body  CDEF  not  only  refills  this 
perpendicular  Determination,  but  en¬ 
tirely  deftroys  all  the  Motion  that 
arifes  from  that  Determination  (See 
the  Notes  on  Chap.  x.  Art.  13.)  fo 
that  the  Body  A,  is  afterwards  mo¬ 
ved,  with  the  other  part  of  its  Mo¬ 
tion  only,  along  the  Superficies  BLF. 
But  if  either,  or  both  thefe  Bodies 
be  perfectly  elaftick,  then  a  new 
Motion  wMl  be  impreffed  upon  the 
Body  A,  equal  to  the  Motion  which 
was  loft,  and  with  a  contrary  De¬ 
termination  5  fo  that,  when  it  comes 
to  the  Superficies  GL,  with  the  De¬ 
termination  AG,  it  will  then  recede 
from  it  with  the  Determination  LI. 


This  is  carefully  to  be  obferved,  he- 
caufe  it  is  neceftary  to  the  com- 
pleating  this  Demonftration,  by 
which  it  appears,  that  the  Angles  of 
Incidence  and  Reflexion  are  equal. 
For  the  Nature  of  this  Elajlick  Force 
being  rightly  underftood,  the  De- 
monftration  concerning  the  reflect¬ 
ing  of  Elaftick  Bodies,  will  hold  in 
the  fame  manner  as  in  perfectly 
bard  Bodies,  according  to  the  Au¬ 
thor’s  Principles.  See  further,  the 
Notes  on  Chap.  xi.  Art.  6.  Tab.  II. 
Fig.  6. 

(2)  Ought  to  continue  as  it  began ) 
Hence  it  follows,  that  the  Lines  of 
Incidence  and  Repercufiion  are  in  a 
Plane  perpendicular  to  the  Superfi¬ 
cies  of  the  reflecting  Body.  See  the 
Notes  on  Chap,  xxxiv,  Art.  2. 

IBL, 
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4.  An  Ex . 
ample  of  one 
Sort  of  Re¬ 
fragii  on. 

Tab  III. 
Fig,  I. 


5.  Another 
Sort  of  Re- 
fraction. 

Tab.  nr. 

rig.  1. 


6.  Ween  a 
Body  is 
turned  out  cf 
its  Courfe , 
•we  muft 
tt  ink,  that 
jt  meets 
•with  Jome 
Obftacle  on 
that  part 
from  which 
it  turns. 


Tab.  II. 
F  g.  I. 


IBL,  which  is  called  the  Angle  of  Reflexion,  (1)  which 
may  eafily  be  demonftrated  to  be  equal  to  the  Angle  ABG, 
which  is  called  the  Angle  of  Incidence. 

4.  Let  us  now  come  to  Refraction  ;  and  that  we  may 
explain  the  Nature  of  it  fully,  I  {hall  here  make  ufe  of 
the  Example  of  a  Ball,  as  was  before  done  in  Reflexion. 
Suppofe  then  the  Ball  A  to  be  moved  along  the  Line  AB 
in  the  Air,  but  finking  obliquely  upon  the  Water  below 
CD,  inftead  of  going  on  directly  towards  E,  it  tends  to¬ 
wards  F  ;  this  fort  of  bending,  (2)  meafured  by  the  An¬ 
gle  EBF  is  what  we  call  Refraction. 

5.  If  the  Body  A,  after  it  is  arrived  at  B  in  the  Line 
AB,  inftead  of  being  turned  towards  F,  is  turned  to¬ 
wards  G  ;  this  is  Refraction  alfo,  but  of  a  different  Sort 
from  the  other:  Now  in  order  to  diftinguifh  thefe  two 
Sorts  of  Refraction ,  let  the  Line  HB,  be  drawn  through 
the  Point  B,  where  the  Body  A  paffes  out  of  one  Me¬ 
dium  into  the  other,  perpendicular  to  the  Superficies  CD, 
which  divides  the  two  Mediums,  and  the  Kind  of  Refra¬ 
ction  is  determined,  by  the  Approach  to,  or  Recefs  from 
this  Perpendicular.  For  Example,  if  the  Body  which 
moves  along  the  Line  AB,  when  it  is  turned  out  of  the 
way,  afterwards  moves  along  the  Line  BF,  this  is  called 
Refraction  from  the  Perpendicular  ;  but  if  it  afterwards 
moves  along  the  Line  BG,  then  it  is  called  Refraction  to 
the  Perpendicular. 

6.  Thefe  two  Sorts  of  Refraction ;  have  been  obferved  a 
long  time,  but  the  Caufe  of  them  was  not  at  all  known. 
And  we  may  venture  to  fay,  that  this  is  one  of  thofe 
Things  which  the  Antients  were  ignorant  of,  and  the 
Difcovery  of  which  is  owing  to  one  of  the  principal  Men 
of  this  Age ;  and  agreeable  to  his  Opinion,  I  thus  explain 
this  Matter:  Since  we  are  fure,  that  every  Thing,  as 
much  as  it  can,  perfifts  in  that  State  in  which  it  is  ;  after 
we  find  by  Experience,  that  a  Body  quits  the  {freight 
Line  in  which  it  began  to  move,  we  muff  neceffarily 
think,  that  it  has  met  with  fume  Obftacle  on  that  part 
from  which  it  removes:  Thus,  if,  when  the  Body  A  is 
come  to  the  Point  B,  it  is  turned  out  of  its  Courfe  to¬ 
wards  the  Point  F,  we  ought  to  conclude,  that  it  meets 


(l)  Which  may  eafily  he  demon . 
ft  rated)  For  BL  —  GB 
T^b.  If.  by  the  Hypothecs  j  and 
Fig.  6.  L  1  ™  GA,  becaulc  G  L 
and  A  1  are  parallel,  and 
fh.°  Angles  L  and  G  are  right  An¬ 


gles,  by  the  Kyp  Therefore  the 
Triangles  I  LB,  AGB  are  equal 
and  fimilar. 

(a)  Meafured  by  the  Angle  EBF) 
See  the  Notes  upon  Art.  it,  of  this 
Chap. 

with 
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with  more  Refiftance  on  the  Side  M,  than  on  the  Side 
N  ;  and  if  it  is  turned  toward  G,  we  have  Reafon  to 
think,  on  the  contrary,  that  it  has  met  with  more  Re¬ 
fiftance  on  the  Side  N,  than  on  the  Side  M. 

7.  We  may  reafon  in  the  fame  manner,  in  order  to  7 -That the 
determine  on  which  Side,  a  Body  moving  out  of  one 
Medium  into  another,  will  be  turned.  For  fince  we  be.- from  the 
fore  knew,  that  the  unequal  Refiftance,  which  a  Body  fffff 
in  Motion  meets  with  on  different  Sides,  (  according  to  fbJgrZuft 
the  different  Mediums  through  which  it  pafles )  would  Ref  fiance  to 
force  the  Body  to  turn  out  of  its  Courfe,  and  to  remove  lt% 
from  that  Side  where  it  finds  the  moft  Refiftance ;  when 
once  we  come  to  know,  that  there  is  more  Refiftance  on 
the  one  fide  than  the  other ;  we  conclude,  that  it  will 
turn  out  of  the  way,  by  removing  from  the  Medium 
where  the  Refiftance  is  greateft.  And  thus  when  we  once 
come  to  know  that  Water  refifts  the  Motion  of  a  Ball 
more  than  Air,  we  ought  to  think,  that  the  Ball  which 
moves  in  the  Air  from  A  to  B,  in  palling  into  the  Wa¬ 
ter  which  is  below  B,  will  turn  towards  F,  and  fo  will 
recede  from  the  Perpendicular. 

S.  T his  may  be  applied  ( 1 )  to  all  forts  of  Bodies,  and  to  8.  The  Way 
all  forts  of  Mediums ,  and  therefore  we  may  lay  it  down  bow  t0  dcter~ 
for  a  general  Maxim,  that  when  a  Body  pafles  obliquely  ffretjcuiar 
out  of  one  Medium  into  another,  which  makes  a  greater  fort  of  n.e- 
Refiftance  to  it  3  it  ought  fo  to  turn  as  to  remove  fromfraaion * 
the  Perpendicular  ;  and,  on  the  contrary,  when  it  pafles 
out  of  one  Medium  into  another,  where  it  finds  lefs  Re¬ 
fiftance  ;  it  ought  to  be  fo  turned,  as  to  approach  towards 
the  Perpendicular. 

9.  I  exprefsly  added,  that  the  Body  which  pafles  out  9-  a 
of  one  Medium  into  another,  muff:  fall  obliquely  upon  tbe 
Superficies  which  feparates  the  two  Mediums,  in  order  to  diculariylpi 
be  refracted ;  for  if  it  falls  perpendicularly  upon  this  Su-  on  mother, 
perficies 3  as  there  is  nothing  to  refill:  its  Motion  more  on  ffrfrachi 
the  one  fide  than  on  the  other,  fo  it  ought  not  to  be  turn-  at  ail  in  en- 
ed  out  of  its  courfe  at  ail,  (2)  but  to  continue  to  move  in  f  ring  into  iu 
the  fame  Line. 

10.  The 

(1)  To  all  Sorts  of  Bodies)  For  this  or  to  fpeak  more  truly,  it  accele- 
Reafon  the  Rays  of  Light  which  pa's  r.tes  the  Motion  of  Light  more  by 
out  of  Air  into  Water,  are  reflected  aitr^Cting  it  j  as  will  be  Ihown  after- 
towards  the  perpendicular,  contrary  wards. 

to  what  we  fee  in  a  Ball  thrown  out  (2)  But  to  continue  to  move  in  the 
of  our  Hand;  becaufe  Water  which  fame  Line)  Yet  fome  have  thought, 
refifts  the  Motion  of  the  Bali  more  as  J .  Voffius ,  Wtilebrcrd  Stiell,  that 
than  Air,  on  the  contrary,  refills  they  have  feen  a  perpendicu  ar  Ray  of 
Light  lefs.  [See  Chap,  27.  Art,  38 .)  Light,  fome  way  refracting  and  con- 

tracV.lJ. 
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io.  An  Ex- 
ample  of  the 
Motion  of  a 
refraEied 
Body. 

Tab.  III. 
Fig.  I. 


1 1 .  How  Re 
fraBion  is 
made. 

Tab.  III. 
Fig.  2. 
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10.  The  Exatft  Quantity  of  the  Refratftion  of  a  Body 
pafting  obliquely  out  of  one  Medium  into  another,  may 
be  determined,  provided  we  know  how  much  the  one  Me¬ 
dium  refifts  its  paffing  more  than  the  other.  Suppofe,  for 
Inftance,  the  Line  CD  feparates  the  two  Mediums,  the 
upper  one  of  which  is  Air,  and  the  under  one  Water,  and 
that  the  Water  refifts  the  Motion  of  the  Ball  A  twice  as 
much  as  the  Air ;  then  let  us  imagine,  that  this  Ball  has 
run  the  Length  of  the  Line  AB  with  fuch  a  Velocity,  as 
takes  up  a  Minute,  and  is  then  ready  to  enter  the  Water 
obliquely  :  and  that  theT hing  may  be  the  eafier  apprehend¬ 
ed,  we  meddle  not  with  what  might  happen  on  the  ac¬ 
count  of  the  Bignefs  or  Weight  of  the  Ball.  Let  us  ima¬ 
gine  further,  that  its  Motion  in  the  Air  has  been  all  along 
uniform,  and  that  after  having  loft  half  its  Velocity  by 
meeting  with  the  Superficies  of  the  Water,  it  lofes  no  more, 
though  it  finks  never  fo  deep  ;  for  the  Deviation  (i)  is 
made  only  in  the  Superficies,  and  the  Water  which  refifts 
all  its  Parts  equally,  can  only  make  the  Ball  take  up  more 
or  lefs  Time  in  moving  through  a  given  Line,  and  not 
caufe  it  to  move  out  of  it. 

1 1 .  T his  being  fuppofed  ;  having  defcribed  a  Circle  on 
the  Center  B,  and  the  Diftance  AB,  let  us  confider,  that 
the  Ball  having  taken  up  a  Minute  of  Time  in  moving 
from  the  Circumference  of  the  Circle  to  the  Center, 
where  it  lofes  half  its  Velocity,  ought  afterwards  to  take 
up  two  Minutes  in  moving  from  the  Center  to  any  Point 
in  the  Circumference  :  N  ow  in  order  to  determine  where 
this  Point  ought  to  be,  we  obferve  ;  that  though  the  Mo¬ 
tion  of  this  Ball  was  fuppofed  to  be  a  fimple  Motion,  yet 
its  Determination  in  the  Line  AB,  with  refpetft  to  the  Su¬ 
perficies  of  the  Water,  is  really  compofed  of  two  Deter¬ 
minations,  one  of  which  caufes  it  to  move  from  the  Left 
to  the  Right,  the  Length  contained  between  the  Lines 
AF  and  BG,  which  are  perpendicular  to  the  Superficies 
of  the  Water,  that  is,  the  Length  of  the  Line  AG  or  FB  -y 
the  other  Determination  makes  it  defcend  downwards  the 
Length  contained  between  the  two  Parallels  AG,  CD, 
that  is,  the  Length  of  the  Line  AF.  We  muft  further 


traced  into  it  felf  j  which  is,  becaufe 
when  we  look  upon  any  Thing  in 
the  Water,  it  feems  to  be  nearer  us 
than  it  really  is $  lo  that  herein  they 
falfely  afcribed  that  to  RefraCtioh 
(of  which  there  is  none  in  the  per¬ 
pendicular)  which  was  to  be  afcri¬ 
bed  to  the  diverging  of  oblique  Rays 
alter  Refia&ion,  from  the  Point 


neareft  to  us.  But  for  the  real  and 
manifeft  RefraCtion  of  perpendicular 
Rays,  which  is  made  in  If  and  Cbryj - 
tal.  See  Newt.  Opt  pag.  229. 

(1.)  Is  made  only  in  the  Supefcies) 
It  is  otherwife  in  the  Reflection  and 
Refraction  of  Light.  See  below , 
Chap ,  xxvii,  Art .  35,  37. 

obferve. 
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obferve,  that  the  Superficies  of  the  Water  refills  the  De¬ 
termination  downwards,  which  confequently  mull  be  al¬ 
tered  ;  ( 1)  but  it  makes  no  Refiflance  at  all  to  the  Deter¬ 
mination  from  Left  to  Right,  wherefore  this  will  not  be 
at  all  altered,  but  the  Ball  which  moved  in  this  manner 
the  Length  FB  during  the  Minute  which  it  took  up  in 
going  from  the  Circumference  of  the  Circle  to  the  Cen¬ 
ter,  ought  to  move  twice  this  Length  in  two  Minutes, 
in  going  from  the  Center  to  the  Circumference  :  Let 
BL  therefore  be  taken  equal  to  twice  BF,  and  the  Line 
ELM  drawn  perpendicular  to  CD,  and  the  Ball  ought 
to  be  found  fomev/here  in  this  Line,  two  Minutes  after 
it  has  parted  from  B ;  but  it  was  before  faid,  that  it  ought 
at  the  fame  time  to  be  in  the  Circumference  of  the  Cir¬ 
cle  alfo  ;  whence  we  conclude,  that  the  Ball  will  be  at  the 
fame  time  in  this  Line,  and  alfo  in  the  Circumference  of 
the  Circle  ;  that  is,  in  the  Point  M,  where  they  interfecft 
each  other.  So  that  inflead  of  continuing  its  Courfe  in 
the  Line  AB  produced  to  N,  it  will  be  carried  along  the 
Line  BM,  which  is  from  the  Perpendicular  (2)  and  the 
Refradlion  will  be  meafured  by  the  Angle  MBN .  F rom 
what  has  been  faid,  it  is  plain,  that  if  the  lower  Medium 
had  refilled  the  Ball  lefs  than  the  upper  one,  the  Refradlion 
ought  to  have  been  contrary,  that  is,  to  the  Perpendi¬ 
cular. 

12.  Without  altering  any  Thing  before  fuppofed  as  to  12.  'Tbedif- 
the  Difference  of  the  Refiflance  of  the  two  Mediums,  ficuh  thir^ 
and  the  Velocity  of  the  Ball,  let  us  now  fuppofe,  that  *b7u  fa'll? 
the  Ball,  in  order  to  go  to  the  Point  B,  comes. from  ano-  very  oblige* 
ther  Point  more  diflant  from  the  Point  P  than  was  fup-  IIh 
pofed  in  the  former  Example,  fo  that  the  Line  FB  which  'fc' 
is  the  Meafure  of  the  Determination  towards  the  right 
Handbz  longer  than  half  the  Radius  of  the  Circle,  and  con¬ 
fequently  the  Line  BL,  which  is  twice  as  long,  be  longer 
than  the  whole  Radius  ;  it  ought  to  follow,  according  to 
the  foregoing  Reafoning, that  the  Line  ELM  will  fall  with¬ 
out  the  Circle,  and  not  interfedl  it  at  all ;  And  fo  our 


(1)  But  it  makes  no  Refinance} 
But  it  does  refill  that  Determination 
alfo,  as  it  enters  j  for  the  Ball  in  en- 
tring,  Itrikes  or  rubs  againft  the  far¬ 
ther  part  of  the  Hole  which  it  enters 
into:  for  which  realon,  and  becaufe 
the  Mot:on  of  the  Ball  is  afterwards 
perpetually  retarded  as  it  pafTes 
through  the  Water  which  refills  it, 
this  Inftance  is  not  fufficiently  accom  - 
modated  to  explain  accurately  and 


mathematically  the  Nature  of  -Re¬ 
fraction 

(2 'jAndthe  RefraClionvoillbenna- 
fured j  It  is  a  right  Obfer- 
vation  of  Cartes  h*re,  that  Tab.  111. 
RefraCtion  utiiverfaVy  and  Fig.  2. 
in  all  Incidencies  is  to  be 
meafured  by  the  Proportion  of  the 
Lines  AG  and  OM,  and  not  by  the 
Angles  ABG,  and  HBivT,  or  NBiVf. 
See  Cartes' s  Dioptr,  Chop.  2  Art.  7. 

Argument 
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13.  That  a 
Body  •which 
falls  too  ob. 
lique  upon 
another , 
ought  not  to 
penetrate  it 
at  all. 


I.  That  the 

Pojition  of 
bard  Bodies 
put  into  Li - 
quors  is  an 
Effe£l  of 
Motion. 

a  That  the 
Superficiei 
of  a  heavy 
Liquor  con¬ 
tained  in  a 
Vejjel,  ought 
to  be  lev  .  . 
Tab.  IU- 
Fig.  4. 
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Argument  Teems  to  conclude,  that  the  Ball  ought  to  be 
in  two  different  Places  at  the  Tame  time,  viz.  in  this  Line, 
and  in  the  CircumTerence  of  the  Circle  3  which  is  im- 
poflible. 

13.  It  muft  be  conTeffed,  that  here  is  Tome  Miftake, 
whencefoever  it  arifes  3  for  every  Argument  that  leads  to 
an  Impoffibility,  is  defective  either  as  to  the  Form  or  as 
to  the  Matter  of  it.  But  let  us  not  imagine  that  there  is 
any  Fault  in  the  Form  of  this  Argument  which  Teems  to 
conclude  in  an  Impoffibility  3  let  us  rather  fay,  that  it  be¬ 
ing  conclufive,  it  is  a  certain  Sign,  that  the  Fault  was  in 
Tome  of  the  Suppoiitions  that  were  made.  And  To  indeed 
it  was,  for  we  fuppofed  that  the  Ball,  when  it  had  loft 
half  of  its  Motion  by  meeting  the  Superficies  of  the  Wa¬ 
ter,  would  enter  into  it,  though  it  fell  never  fo  oblique, 
which  is  not  fo.  For  we  fee  by  Experience  in  a  Sea- 
Fight,  that  Cannon-Balls  which  are  (hot  too  oblique  upon 
the  Water,  are  reflected  by  the  Superficies  of  the  Sea,  and 
kill  the  Soldiers  upon  the  Decks  of  the  oppofite  Ships. 
And  we  obferve  the  fame  Thing  in  Stones  which  Chil¬ 
dren  make  Ducks  and  Drakes  with  in  the  Water. 


CHAP.  XVI. 


Of  hard  Bodies  put  into  Liquors. 

AL  L  that  can  be  faid  of  the  Place  which  a  Body  ought 
to  poffefs  in  any  Liquor  according  as  it  is  more  or 
lefs  he  ivy,  does  properly  belong  to  the  Dodhrine  of  Mo¬ 
tion.  For  thefe  Bodies  are  in  Motion  when  they  fink  in 
the  Liquor,  and  they  are  in  Motion  alfo  when  they  rife 
from  the  Bottom,  to  the  Superficies. 

2.  That  we  may  not  pafs  by  any  Thing  therefore  which 
may  be  of  ufe  afterwards,  let  ABCD  be  a  Tub  filled  with 
Water,  and  fuppofe  firft,  that  this  Water  is  upon  the  Le¬ 
vel,,  that  is,  no  one  Part  of  the  Surface  AD  higher  than 
another  ;  then  imagining  it  to  be  divided  into  a  great  ma¬ 
ny  Columns,  perpendicular  to  the  Bottom  of  the  Tub, 
let  us  examine  one  of  thefe  Columns,  as  EFGH.  And 
firft  it  is  obfervable,  that  though  this  whole  Column  en¬ 
deavours  to  fink  down,  yet  it  cannot,  becaufe  the  fmal- 
ler  Columns,  into  which  this  may  be  fubdivided,  muft 
bend  at  the  Bottom  of  the  VefTel  before  they  can  return 

up- 
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upwards  j  but  that  they  cannot  do,  becaufe  they  meet  and 
fupport  each  other,  and  are  alfo  fupported  by  the  little 
Columns  on  all  Sides  of  them,  which  tend  downwards 
likewife,  and  with  equal  Force.  So  that  the  Water  in 
the  T ub  ought  to  continue  ( I )  upon  the  Level,  and  to 
remain  in  perfect  Reft  and  Equilibria  ^  it  there  be  no¬ 
thing  elfe  but  its  own  Weight  to  move  or  (hake  it. 

Whence  it  is  manifeft,  that  if  we  fuppofe  the  W ater  in 
the  T ub  to  be  higher  in  one  Place  than  in  another,  that 
it  cannot  continue  fo,  becaufe  thofe  little  Columns  pf 
Water  which  are  longer  than  the  other,  will  have  inoie 
Power  to  defcend  than  they,  and  will  never  leave  croud- 
ing  them  up,  till  the  Surface  of  the  Liquor  is  come  to 
a  Level,  when  they  will  all  be  in  equilibria  with  each 
other.  Therefore  when  a  heavy  Liquor  is  contained  in 
any  VeiTel,  we  are*to  think  that  its  Weight  difpoles  the 
Surface  of  it  to  be  upon  the  Level,  and  that  it  will  con¬ 
tinue  fo,  unlefs  altered  by  feme  foreign  Caufe. 

3.  Let  us  confider  further,  that  if  there  be  put  into  the  3 '  f 
Water  in  this  Tub  any  hard  Body,  fuch  as  I,  of  equal  putint9f 
Gravity  with  the  Water  ;  as  its  Weight  would  have  nei-  Liquor  of  e- 
ther  more  nor  lefs  Effedf  than  the  W ater  whofe  Place  it  p 
pofteftes  ;  there  is  no  Reafon  why  any  Alteration  fhotdd  tg  yfjlln*ny 
be  made  in  the  Column  EFGH,  fo  that  the  Body  I  part  it. 
muft  continue  where  it  was  placed. 

4.  But  if  we  imagine  this  Body  to  be  heavier,  by  an 
Ounce,  fuppofe,  than  a  Quantity  of  Water  or  equal  duLv  ;  a 

it  is  manifeft  then,  that  all  the  Columns  of  Water  will  'which  is 
not  be  in  equilibria ,  but  the  Body  will  go  to  the  Bottom, 
not  with  its  ordinary  Weight,  but  only  with  the  Diffe-  Ought  to  fir.K 
rence  betwixt  that  and  the  "VV  eight  of  a  Quantity  o stotbeBa- 
Watcr'of  equal  Bulk,  that  is,  with  the  Force  of  ann¬ 
ounce  Weight.  _  _ 

5.  But  fince  Water  was  here  taken  onlypor  an  pxam- 

pie,  and  the  Reafoning  holds  the  fame,  when  applied  to  the  real 
any  other  heavy  Liquor  ;  we  may  affirm  in  general,^  that  Weight  of  ^ 
in  fupporting  a  heavy  Body,  we  ought  only  to  feel  th SeJeiy 
Excefs  of  its  Weight  above  that  of  an  equal  Bulkier  the 
Liquor  in  which  it  is.  Hence  it  is,  that  we  are  not  fui- 
prifed  to  find  by  Experience,  that  a  pretty  Fifty  young 
Man,  who  weighs  a  Hundred  and  thirty  eight  Pound  in 
the  Air,  does  not  weigh  above  eight  Ounces  in  the  Wa¬ 
ter.  But  we  have  before  fhown,  by  many  Experiments, 

(1)  Upon  the  Level)  That  is,  as  of  the  Sphserical  Superficies  of  the 

to  Senfe.  But  in  reality  it  is  p3rt  Earth, 

Vol.  I.  ■  H  '  .  da* 


9  8 


6.  (Tbat  a 
Body  which 
it  lighter 
than  the  L  i¬ 
quor, ,  ought 
to  rife  up, 
and  that 
with  forr.e 
Force. 

Tab.  III. 
Fig.  4. 

7.  How  to 
find  whether 
a  bard  Body 
weight  more 
or  left  than 
an  equal 
Bulk  of  any 
Liquor. 

8.  'The  way 
to  find 
which  is  the 
beavi  eft  oft 
two  Liquors. 


RO  H  AU  LTs  System  Part  I 

• 

that  the  Air  it  felf  is  heavy,  wherefore  we  do  not  by  our 
Senfes  feel  the  true  Weight  of  a  Body  in  the  Air,  but 
only  the  Difference  of  the  Weight  of  the  Body  and  of 
the  Air  ;  and  cdnfequently,  unlefs  we  are  under  any  par¬ 
ticular  Indifpofition,  we  ought  never  to  feel  our  felves 
lighter,  but  only  when  the  Air  is  heavier. 

6.  It  is  evident,  that  if  the  Body  I,  juft  now  men¬ 
tioned,  had  been  fuppofed  lighter  than  the  Bulk  of  Wa¬ 
ter,  whole  Place  it  poffeffes ;  the  Column  EFGH  would 
not  be  heavy  enough  to  be  in  ^equilibria  with  the  reft  of 
the  W ater  in  the  T ub  ;  wherefore  this  Column  will  be 
forced  to  give  way,  till  the  Body  I  be  got  up  to  the  Sur¬ 
face  AD,  beneath  which,  fo  much  of  it  will  remain, 
as  poffeffes  the  Place  of  a  Quantity  of  Water  equal  in 
Weight  to  the  Body. 

7.  From  what  has  been  faid,  we  draw  two  very  im¬ 
portant  and  uleful  Inferences.  Firft,  That  if  a  Body 
put  into  any  Liquor ,  finks  to  the  Bottom ,  it  is  certain  that 
Body  is  heavier ,  than  an  equal  Bulk  of  the  Liquor ,  but  if 
it  fwims  on  the  Top ,  it  is  an  infallible  Signy  that  it  is 
lighter. 

8.  Secondly,  If  a  hard  Body  be  put  into  two  Liquors , 
and  rifes  in  the  one,  but  finks  in  the  other ,  the  former  mujt 
necejfarily  be  heavier  than  the  latter  (1). 

9.  This 


(1)  It  is  worth  while  to  explain  a 
little  more  fully,  and  in  better  Or¬ 
der,  the  Hydroftatick  Propofi.ions, 
which  ate  utged  to.)  briefly  and  con- 
fuftd  y  in  th  s  Chapter. 

I.  Therefore  All  Water  gravi  - 
tatis  in  every  Place ,  even  in  Water 
it ftf  f and  the  lame  is  to  be  under¬ 
lie' d  of  any  other  Liquor)  and  by 
reaj  n  cj  the  equal  Prefjure  of  its 
Parts  on  all  Sides,  its  Superficies 
ought  to  be  plain  and  hvel.  This  is 
demorftrated  intbe'fecond  Article  of 
this  Chapter ,  and  by  the  famous 
Mr.  Boyle  in  bis  Hydroftaticks.  Pa¬ 
radox  1. 

2..  A  hard  Body ,  fuch  as  I,  equal 
in  Weight  to  a  Stftuantity 
Tab.  III.  oft  Water  of  the  fame 

Fig  4.  Bulk ,  put  into  Water, 

ought  neither  to  fink  nor 
rife,  but  to  reft  in  any  Place.  For 
the  Column  EFGH  gravitatrs  nei¬ 
ther  more  nor  lefs  than  the  Columns 
which  furrouod  it,  and  therefore  it 
ought  to  keep  in  esquilibris.  See 
Art .  3  ■  of  this  Chapter . 

3.  A  Body,  fuch  as  l, heavier  than 
Water,  ought  fo  Jink  in  the  Waterx 


Becaufe  then  the  Colums  EIjGH  is 
heavier  than  the  Columns  which 
furround  it.  See  Art.  4.  of  this 
Chapter . 

4.  A  Body ,  fuch  as  I,  heavier 
than  Water,  ought  to  have  juft  fo 
much  Weight  in  Water,  as  it  exceeds 
in  Weight  an  equal  Bulk  of  Water. 
For  iince  the  Body  I  poffefles  the 
Place  of  an  equal  Bulk  of  Water  in 
the  Column  EFGH  j  it  is  manifeft, 
that  by  how  much  that  Body  exceeds 
that  equal  Bulk  of  Water  in  Weight, 
by  juft  fo  much  is  that  Column  hea¬ 
vier  than  it  was  before.  See  Art.  4. 
of  this  Chapter,  and  Archimedes  of 
Bodies  put  into  Fluids.  Prop.  7. 

Hence,  tince  the  Proportion  of 
Weight  betwixt  Gold  and  Water  is 
known,  Gold  may  be  proved  and 
valued,  by  weighing  it  in  Water.  See 
Boyle's  Hydroftatick  Medicine. 

5.  Any  Body  fuch  as  1,  put  into 
Water,  is  not  only  prejfed  downwards 
by  the  .incumbent  Water,  but  is  alfb 
prefled  upwards  by  the  Water  that  is 
under  it.  This  is  evident  from  the 

Jirjl  Propojition.  See  alfo  Boyle's  Hy~ 
dr  eft  at  i  ok  i,  Paradox  3,  6,  'Jkc 
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9.  This  being  fo,  if  we  examine  the  Opinion  of  fome  Mi  [lake. 

Philofophers,  viz.  that  there  are  certain  Places  natural  to 
all  Bodies  where  they  of  themfelves  continue  at  reft,  and 
have  no  Tendency  to  go  out  of  them,  and  that  this  is  the 

Rea- 


6  •  The  heaviefi  Body  of  all,  Juch 
at  I,  a  Cube  of  Gold ,  if  it  be  put 
fo  deep  into  the  Water,  that  the 
Depth  of  the  Water  from  E  H  to  the 
lower  part  of  that  Cube  be  twenty 
timet  at  much  at  the  Tbickneft  of  I 
it,  that  Cube  will  be  fo  preffed  up¬ 
ward t  by  the  Water  that  it  under 
it,  that,  if  the  incumbent  Water 
EIH  were  removed,  it  would  not  fnk . 
For  fince  the  Cube  I  is  juft  of  the  fame 
Weight  as  the  Water  which  reaches 
from  EH  to  the  Bottoin  of  the  Cube  ; 
all  which  Water  we  now  fuppofe 
to  be  removed  ;  it  is  evident,  that 
the  Column  FIG  in  this  Cafe,  is 
in  aquilibrio  with  ths- Columns  which 
furround  it,  and  therefore  the  Cube 
I  cannot  fink.  See  Hydrofi'atick  Pa- 
rad.  ii. 

7.  A  Body,  fuch  at  I,  lighter  than 
Water ,  let  it  be  preffed  never  fo 
much  by  the  incumbent  Water ,  ought 
to  rife  notwitbjlandmg.  For  in  this 
Cafe,  the  Column  EFGH  is  lighter 
than  the  Columns  of  Water  which 
furround  it.  See  Art.  6.  of  tbit 
Chap. 

8.  When  a  light  Body  it  rifen  to  the 
Top  of  the  Water ,  fo  much  of  it  ought 
to  remain  under  the  Water,  at  it 
equal  to  a  Bulk  of  Water  weighing 
at  much  ai  the  whole  Body.  This  is 
the  Fifth  Proportion  of  Archimedet 

concerning  Bodies  put  into 
Tab.  HI.  Fluid' ,  and  is  eafily  de- 
Fig.  4.  monftrated  from  what  has 

been  already  faid.  For  it 
is  manifeft,  that  when  the  lower 
Part  of  the  Body  fwimming  in  the 
Water,  is  funk  in  this  Proportion, 
the  whole  Column  EFGH  is  in  ae¬ 
quilibrio  with  the  Columns  that  fur¬ 
round  it ;  and  if  the  fame  Body  be 
funk  deeper,  this  Column  will  be 
lighter  than  the  reft  of  the  Columns  j 
if  not  fodeep,  it  will  be  heavier. 

9.  In  every  Body  that  it  lighter 
than  Water,  the  Proportion  of  itt 
Weight  to  the  Weight  of  Water , 
it  at  that  part  of  it  under  tbe  Wa¬ 
ter  to  the  whole  Body.  This  Propofi' 
tion  follows  from  the  preceeding  one, 
and  is  more  at  targe  demonftrated  by 
Archimedet ,  Book  ii.  Prop,  of  Bodies 
put  into  Fluids % 


10.  AH  Water  preffet  Upon  the  Bo- 
diet  under  it,  in  proportion  to  itt  per¬ 
pendicular  Height,  and  not  in  pro¬ 
portion  to  itt  Breadth.  This  noble 
Propofition  is  at  large  demonftrated 
in  my  Notes  upon  Chap.  10.  Art.  1 1. 

1 1.  This  P  re  [fur  e  aElt  upon  Bodiet 
immerfed  in  the  Water ,  not  only  on 
the  Top,  but  on  the  Bottom  and  the 
Sides,  everyway  equally.  This  Pro¬ 
pofition  follows  from  the  Foregoing 
one,  and  is  demonftrated  from  the 
Nature  of  Water,  whereby  every 
Preflfure  is  propagated  equally  and 
entire  every  way.  See  alfo  Boyle's 
Hydrofl.  Paradox  7. 

12.  Hence,  awoodenTrencber put 
under  Water ,  immediately  rifet  up  J 
though  there  be  a  much  greater  iffuan- 
tity  of  Water  lying  above  it,  than 
it  under  it  $  neither  is  there  any  fuch 
Thing  in  Nature  as  Levity,  to  lift 
it  up.  This  Propofition  you  have 
demonftrated  in  my  Notes  on  Chap.  x. 
Art.  II.  Coroll.  3. 

1 3.  However,  If  the  wooden 
Treiicher  be  ex  a  Elly  fitted  to  the  Width 
of  the  Veffel ,  fo  that  no  Water  can 
get  in  between  it  and  the  Sides  of  the 
Veffel,  which  by  communicating  its 
Weight  to  tbe  Water  beneath ,  might 
force  the  Trencher  up  ;  or  i  f  tbe 

Trencher  goes  fo  clofe  to  the  Bottom  of 
tbe  Veffel,  that  no  Water  can  get  in 
betwixt  it  and  tbe  Bottom ,  then  tbe 
Trencher  will  not  rifs  at  all •  Which 
is  a  manifeft  Proof,  that  there  is  no 
fuch  Thing  as  Levity  in  Nature.  See 
the  fame  Place. 

It  is  very  hard  to  prove  this  Pro¬ 
pofition  by  Experiments,  becaufe 
Water  is  fo  apt  to  wet  and  run  all 
about.  But  I  have  tried  it  with 
Quick filver,  which  will  not  wet  mod 
Bodies  j  for  after  I  had  gently  put 
a  Piece  of  Money  on  the  Bottom  of 
a  Veffel  full  of  Quick  filver,  the  Mo¬ 
ney  did  not  rife  up  5  but  if  1  fhaked 
the  Veffel,  or  lifted  up  the  Money 
ever  fo  little  with  a  Needle,  that  fome 
of  the  Qoickfilver  might  get  be¬ 
twixt  the  Money  and  the  Bottom 
of  the  Veffel,  the  Money  was  im¬ 
mediately  railed  up. 

f  a  14*  I‘ 
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Reafon  why  Water  has  noWeight  in  Water;  we  {hall  not 
fcruple  to  affirm,  that  this  is  as  grofs  an  Error,  as  it 
would  be  in  a  Man,  who,  feeing  a  large  Cannon  in  one 
Scale,  and  feven  or  eight  thoufand  Pound  Weight  in  the 
other,  {hould  affirm,  that  the  Cannon  did  not  weigh  any 
Thing  in  this  Place,  becaufe  he  can  eafily  lift  it  up  or 
down  :  For  this  Opinion  of  thefe  Philofophers  is  founded 
upon  this  Experiment,  that  in  drawing  W ater  out  of  a 
Well,  we  do  not  begin  to  feel  the  Weight  of  that  with 
which  the  Bucket  is  filled,  till  it  comes  into  the  Air ; 
whereas  they  ought  to  think,  that  as  the  Cannon  is  always 
heavy,  and  we  could  not  eafily  lift  if,  but  for  the  Weight 
which  keeps  it  in  aquilibrio ;  fo  alfo  the  Water  weighs 
always  the  fame ;  and  the  Reafon  why  we  don’t  perceive 
its  Weight  when  the  Bucket  is  under  Water  in  the 
Well,  is,  becaufe  we  are  affifted  by  the  reft  of  the  Wa¬ 
ter  in  the  Well,  which  is  in  aquili  brio  with  that  in  the 
Bucket. 


14,  It  it  itnpojjible for  Water  to  de- 
prefs  and  Jink  a  Body  lighttr 
Tab.  I.  than  it  felf.  This  may  be 
Fig.  4  done  by  gently  putting  the 
Syphon  ABCD,  filled  with 
Oyl  as  high  as  ABC,  into  the  Water 
till  the  fhorter  Arm  AB  be  under 
Water  ;  for  then  the  Water  prefling 
upon  the  Superficies  AB,  will  lift  up 
the  Oyl  fo  much  the  higher  towards 
D,  as  the  Syphon  is  let  down  deeper 
into  it.  And  from  hence  alfo  it  is  as 
elear  as  the  Sun  at  Noon- Day,  that 
there  is  no  fuch  Thing  as  Levity  in 
Nature.  But  left  the  Experiment 


fhould  fail  by  the  Oyl’s  mixing  with 
the  Water,  it  is  more  proper  to  ule  a 
Syphon  with  fmaller  Arms*  See 
Boyle' t  %tb  Hydroftatick  Paradox • 

1 5.  So  likewife,  it  may  be,  that 
Oyl  having  Water  on  each  Side  of  it 
may  not  rife  up,  viz-  thus  j  if,  when 
the  Syphon  is  filled  with  Water  up 
to  ABC,  Oyl  be  poured  upon  the 
Water  in  each  Arm,  and  Water  be 
again  poured  upon  that  Oyl  to  bal- 
lance  the  Prefiure  of  the  lower  Wa¬ 
ter  upwards.  See  Boyle' s  Hydrojlct * 
ticks ,  Paradox  9. 


CHAP. 
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CHAP.  XVII. 

Of  Accretion ,  Diminution ,  Alteration. 

AS  Ariftotle  in  treating  of  local  Motion  confiders  alfo  i*  What  it 
the  other  Changes  that  happen  to  natural  Bodies,  fuch 
as  Accretion ,  Diminution ,  and  Alteration ,  which  he  calls  Dimi- 
Motion  likewife  ;  fo  we  after  his  Example,  lhall  not 
wholly  negletff  thefe,  but  fhow  that  it  was  not  without 
Reafon,  that  he  brought  them  under  this  «Head,  fince 
they  are  indeed  the  Effects  of  local  Motion.  All  the 
World  agree,  that  by  Accretion  and  Diminution  is  meant 
the  fenfible  Increafe  or  Decreafe  of  the  proper  Subftance 
of  a  Body  ;  Thus  we  are  fure,  that  the  Trunk  oCa 
Tree  is  increafed  when  we  fee  it  bigger  than  it  was  be¬ 
fore. 

2.  Since  we  obferve,  that  Trees,  and  in*  general  all  2.  How  Bo - 
Bodies  Hand  in  need  of  Nourilhment,  to  make  them 
increafe,  and  that  it  is  impoffible  to  conceive  how  a  dimnijhne. 
Body  fhould  increafe  and  become  bigger  without  fome 
Parts  being  added  to  its  former  Bignefs ;  this  is  a  con¬ 
vincing  Proof,  that  every  Bo*dy  which  increafes,  receives 
fome  Augmentation  of  Matter.  And  as  this  is  true  of  a 
Body  which  increafes,  fo  may  we  alfo  affirm,  that  every 
Body  which  decreafes,  lofes  fome  of  the  Matter  which  it 
had  before. 

3.  However  this  does  not  hinder  us  from  making  a  3*  z*r. 
difference  betwixt  Increafe  and  Rarefaction ;  and  betwixt  f ‘ren/ from 
Decreafe  and  Condenfation  :  F or  the  Matter  which  is  ad-  RareJgSfion, 
ded  to  a  Body  increafing,  and  That  which  is  taken  from 
a  Body  decreasing,  is  looked  upon  as  belonging  to  it, 
and  as  part  of  its  proper  Subitanee ;  but,  as  was  before 
obferved,  the  Matter  which  enters  into  the  Pores  of  & 

Body  to  rarify  it,  or  That  which  gets  out  of  its  Pores, 
that  it  may  be  condenfed,  is  looked  upon  as  Matter  that 
does  not  belong  to  it. 

4.  The  Idea  we  have  of  the  Accretion  of  a  Tree,  be-  4 CTbattkert 
ing  different  from  the  Idea  we  have  of  its  being  tranf- 
planted,  it  muff  be  owned,  that  Ariftotle  had  Reafon  to  fertnet  be - 
make  a  difference  betwixt  Accretion  and  local  Motion, 

However,  as  a  T ree  cannot  be  tranfplanted,  but  by  the  ff  tht 
local  Motion  of  its  whole  Body,  fo  we  cannot  conceive  locaiMotion , 
how  it  Ihould  increafe  but  by  the  local  Motion  and  °f 
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How  Bo¬ 
dies  are  al¬ 
tered* 


• 

I .  That 
For  mi  ought 
to  be  treated 
of  by  tbem- 

Jehes. 


R0  H  A  U Lf’s  Sy  s  tem  Part  I. 

Union  of  the  fmall  Particles  which  contribute  to  the  in- 
creating  it. 

5.  When  a  Body  neither  increafes  nor  decreafes,  but 
is  fomewhat  changed,  if  this  Change  be  not  fo  great  that 
we  do  not  at  all  know  it ;  we  call  it,  as  was  faid  before, 
Alteration  \  hence  it  is  eafy  to  fee,  that  there  can  be  no 
Alteration  without  local  Motion  :  For  how  can  there  be 
any  Change  in  a  Body,  if  none  of  the  Parts  which  com- 
pofe  it,  and  upon  the  particular  Order  of  which  its  Nature 
depends,  have  changed  their  Situation?  This  being  fo,  it 
is  very  evident,  that  there  muft  be  an  Alteration  in  a  Bo¬ 
dy,  when  the  fentible  or  infentible  Particles  of  which  it 
is  compofed,  are  put  out  of  their  Order,  or  any  great 
Change  made  in  their  Figure  :  Or  it  may  alfo  fuffer  an 
Alteration ,  by  the  Acquisition  of  fome  new  Particles,  or 
by  the  Lofs  of  fome  of  its  old  ones  ;  all  which  cannot  be 
without  local  Motion  :  Thus,  when  there  is  a n  Alteration 
in  a  bruifed  Apple,  we  can  eatily  imagine  that  many  of 
its  Particles  have  been  forced  to  change  their  Situation, 
and  perhaps  fome  of  them  have  alfo  changed  their  Fi¬ 
gure.  If  after  this,  any  one  {till  doubts  whether  there 
may  not  be  fome  kind  of  Alteration  in  which  there  is 
fomething  elfe  betides  what  proceeds  from  local  Motion, 
I  think  he  cannot  be  fatistie'd  better,  than  by  what  we  are 
now  going  to  fay  of  Forms. 


CHAP.  XVIII. 

Of  FORMS. 

JfORMS  are  a  Subject  that  we  cannot  hope  to  treat 
FA  of,  as  we  have  done  of  Matter.  For  tince  Matter 
is  a  common  SubJhatumyvAiizhy  when  once  we  underhand 
what  it  is  in  Wood,  we  cannot  at  the  fame  time  but  un¬ 
derhand  what  it  is  in  Fire,  and  in  every  Thing  elfe  ;  one 
lingle  Reflexion  is  of  it  felf  fufficient  to  gain  the  Know¬ 
ledge,  of  it.  But  becaufe  the  Form  of  any  Thing,  is  that 
which  makes  it  to  be  that  particular  Thing,  and  diftin- 
guifhes  it  from  every  Thing  elfe  ;  it  does  not  follow,  that 
if  we  know  the  Form  of  Wood,  we  therefore  know  the 
Form  of  Fire,  or  any  Thing  elfe.  Wherefore  if  we 
would  fucceed  herein,  and  fay  fomething  more  than  ordi¬ 
nary,  we  muft  defcend  to  Particulars,  notwithfcanding  the 

Cuftom 
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Cuftom  of  Philofophers,  who  feldom  do  fo,  but  for  the 
molt  part  content  themfelves  with  propofmg  abundance 
of  loofe  Queftions,  which  we  may  look  upon  as  fuperflu- 
ous,  and  from  which  we  can  gain  no  Advantage. 

2.  However,  I  do  not  affirm,  that  it  is  an  ufelefs  En-  2.  Of  fuh. 
quiry,  if  it  Ihould  be  asked  here,  as  ufually  it  is,  whether  ft°nttal 
there  be  any  fuch  Things  as  Subjiantial  Forms,  that  is,  that  the  fa. 
Forms  which  are  real  Subjiances  5  and  confequently  have  &  fiance  of  the 
diftinCt  Exigence  from  that  of  Matter.  But  thus  much  rffnffouJ' 
at  leaft,  I  may  venture  to  affirm  ;  |hat  the  Solution  of  this  pnve  that 
Difficulty,  depends  upon  the  particular  Knowledge  of  there  are  any 
the  Things.  The  Inftance  of  the  rational  Soul  proves  no-  others% 
thing  here  j  for  though  we  know  that  this  is  a  Subftance 

really  diftinCt:  ffom  the  Body,  to  which  it  is  united,  and 
that  it  does  not  at  all  depend  upon  it  for  its  Exiftence, 
yet  we  can  conclude  nothing  from  hence  as  to  the  F orrns 
of  other  Beings  which  are  purely  material. 

3.  But  if  we  confider  this  Matter  more  clofely  ;  though  3.  ‘lbattht 
I  acknowledge,  as  all  the  World  do,  that  the  Soul  is  that  rattcnal  Soul 
which  particularly  makes  a  Man  to  be  a  Man  5  and  con-  Form  0f  the 
fequently  that  it  is  tmly  the  Form  of  a  humane  Body  as  humane  Body 
humane  ;  yet  I  can’t  agree,  that  it  is,  properly  fpeaking,  as  a  Body‘ 
the  Form  of  all  that  which  is  fenfible,  and  is  called  the 

Body  and  confidered  fimply  as  a  Body  ;  any  more  than  it 
is  the  Form  of  any  of  its  Parts,  confidered  as  different 
from  each  other:  For  in  this  Senfe,  every  one  of  them 
has  its  particular  F orm  fo  clofely  connedfed  with  the  Mat¬ 
ter  of  it,  that  it  continues  as  long  as  the  Part  fubfifts, 
even  after  the  Soul  is  feparated  from  the  Body.  And  in¬ 
deed  after  fuch  Separation,  every  part  appears  the  fame, 
as  it  did  immediately  before.  For,  that  which  was  Flefh, 
for  Inftance,  is  Flefh  ftill,  and  that  which  was  Bone,  is 
Bone  ftill,  and  fo  of  the  reft. 

4.  The  Caufe  of  many  People’s  Miftake,  who  con-  4-  Anfrrf 
found  the  Properties  of  the  Body  with  thofe  of  ,th'e  Soul, 

is  this  3  that  a  dead  Body,  when  the.  Soul  is  feparated  from 
it,  is  uncapable  of  many  Functions  which  we  obferved  in 
it  before,  fuch  as  moving  it  felf,  Refpiraticn,  Nourifh- 
ment,  &c.  fo  that  they  perfwade  themfelves  that  all  thefe 
Things  depend  upon  the  Soul,  and  would  not  have  ceafed 
in  the  Body,  if  the  Soul  had  not  departed  from  it  : 

Whereas  we  ought  rather  to  think,  that  the  continuing 
of  the  Soul  in  the  Body,  depends  in  fome  meafure  upon 
the  Difpofition  of  the  Body  to  perform  thefe  Functions, 
and  that  the  Separation  is  a  Confequence  of  thefe  Functi¬ 
ons  not  being  able  to  be  performed.  For  every  Day’s 
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Experience  ftiows  us,  that  Death  never  comes,  nor  is  the 
Soul  ever  feparated  from  the  Body,  till  it  is  fome  way 
hurt,  or  by  fome  Means  fpoiled  and  corrupted.  And  we 
have  no  Example  of  the  Soul’s  being  feparated  from  a 
found  and  perfedl  Body,  and  that  this  Body  did  not  be¬ 
gin  to  be  corrupted,  till  after,  and  becaufe  the  Soul  was 
feparated  from  it. 

5.  It  would  therefore  be  unreafonable,  upon  the  fingle 
Alliance  of  the  Rational  Soul ,  which  is  very  different  from 
the  common  Forms  of  Bodies,  and  without  fir  ft  knowing 
the  particular  Form  of#all  Kinds  of  Bodies,  to  affirm  here 
raftily,  that  there  are  fiubjlantial  Forms  in  Things  merely 
corporeal ;  however  we  may  venture  fafely  and.  confi¬ 
dently  to  affert,  that  there  are  fome  Forms  which  are 
effiential ,  that  is,  fuch  as  belong  neceffarily  to  their  Sub¬ 
jects  :  Thus  to  be  liquid  is  effential  to  JNataj  becaufe  there 
is  no  Water  which  is  not  liquid  ;  we  may  alfo  affirm, 
that  there  are  other  Forms  which  are  only  accidental ,  .be¬ 
caufe  they  fo  belong  to  the  fubjedt,  that  it  can  exift  with- . 
out  them,  and  not  ceafe  to  be  what  it  was.  Thus  coldncfis 
is  an  accidental  Form  or  Water,  becaufe  Wacer  would 

fiill  be  Water,  if  it  was  made  hot. 

6.  It  might  very  eafily  be,  that  Arijiotle  might  ac¬ 
knowledge  ejjential  Forms  and  not  fiubjlantial  Fornus  ;  for 
it  is  certain,  that  the  Greek  Word  which  he  ufes,  may 
zS  well  or  better*  fignify  the  one  than  the  other. 

7.  Forms  are  commonly  diftinguifhed  into  Natural  and 
Artificial :  They  call  thofe  Natural ,  which  belong  to  the 
Subjedt  without  the  Affiftance  of  Men  ;  Thus  a  Portion 
of  Matter  receives  the  Form  of  Marble  in  the  Bowels 
of  the  Earth.  Artificial  Forms  are  thofe  that  proceed 
from  Art;  thus  the  Form  of  a  Clock  is  called  Artificial , 
becaufe  it  is  owing  to  the  Labour  of  the  Clock-maker. 

I  agree,  that  if  the  Name  had  been  given  with  regard 
only  to  the  Caufes  by  which  they  were  produced,  it 
would  have  been  reafonabie  to  call  the  one  Natural ,  and 
the  other  Artificial ;  but  fince  it  is  inferred  from  thence, 
that  the  Natural  Forms  are  different  from  the  Artijicial 
Forms ,  and  that  they  adl  from  internal  Principles,  which 
are  very  different  from  thofe  of  Artificial  Forms  ;  there 
lies  the  Miftake.  Fox  Artificial  Forms  are  as  natural  as 
the  Natural  Forms  themfelves, .  becaufe  they  proceed  from 
Caufes  purely  natural ;  and  Art,  as  was  faid  before,  dees 
nothing  elfc  but  apply  adlive  I  hings  to  paffive  Ones. 
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8.  It  is  much  more  reafonable  to  divide  Forms  into  8.  Di- 
Simple  and  Compound.  Simple  Forms  are  thofe  of  fimple  fnto 
Beings,  that  is,  of  Beings  that  are  capable  of  but  a  pfpie  and 
few  Properties ;  and  compound  Forms  are  thofe  of  com-  compound, 
pound  Beings,  that  is,  Beings  that  are  capable  of  a  great 

many  Properties.  For  Inftance,  the  Form  of  a  hard 
Body,  whatever  that  Form  may  be,  is  a  fimple  Form 
compared  with  the  Form  of  Wood,  which,  withrefpedl 
to  the  former,  may  be  faid  to  be  compounded  ;  becaufe  a 
hard  Body,  as  hard ,  is  not  capable  of  fo  many  Pro¬ 
perties  as  Wood. 

9.  This  Obfervation  is  more  remarkable  than  one  9*  That  pm- 
would  imagine.  For  it  is  evident,  that  fimple  Things  may  $le  Forms, 
be  known,  when  we  don  t  at  all  know  thofe  that  are  underflood 
compounded  of  them :  Whereas  we  cannot  know  thofe  firfi- 

that  are  compounded ,  but  we  muft  have  a  diftincft  Know¬ 
ledge  of  thofe  Things  which  go  towards  their  Compo- 
fition.  Wherefore  in  order  to  underftand  particularly  the 
Forms  of  Bodies,  it  is  neceffary  that  we  firfi:  begin  with 
thofe  that  are  fimple ,  and  afterwards  come  to  thofe  that 
are  compounded. 


CHAP.  XIX. 

Of  Elements  according  to  the  Opinion  of  (he 

Antients . 

T  F  we  once  have  a  clear  Notion  of  what  Philofophers  x.  Wbat 
^  mean  by  the  Word  Element ,  we  cannot  doubt,  but  Pbiioflphers 
that  the  Forms  of  Elements  are  the  moft  fimple  of  all.  E~ 

It  is  to  be  obferv’d  therefore,  that  the  principal  Defign 
of  Philofophers,  is  to  explain  how  every  Thing  is  gene¬ 
rated,  in  fuch  a  manner  as  to  let  us  know  the  different 
States  through  which  fuch  Things  pafs  from  their  firfi: 

Principles  till  they  are  entirely  compleat,  and  in  that  perfect 
State  in  which  we  fee  them.  And  in  order  to  this,  fince 
they  find  by  Experience,  that  every  Thing  is  not  made 
indifferently  out  of  another,  and  that  Stones,  for  Inftance, 
and  Marble  are  not  proper  to  be  converted  into  Flefh, 
neither  will  they  ferve  to  nourifh  it  and  make  it  grow  ; 
fo  they  judge  by  proportion,  that  all  forts  of  Bodies  are 
not  compounded  of  Principles  alone,  connected  together 
in  the  moft  fimple  manner  poftible  but  only  fome  very 
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fimple  Things,  of  the  Mixture  of  which  all  other 
Things  are  afterwards  compofed.  Thefe  very  fimple 
Things,  whatever  they  be,  which  thus  arife  from  the 
firft  Determination  and  Connexion  of  Principles,  are  what 
Philofophers  call  Elements :  So  that  Elements  differ  from 
Principles  in  this,  that  a  Principle ,  fuch  as  Matter,  for 
Example,  is,  as  it  were,  an  incompleat  and  undetermined 
Thing ,  whereas  an  Ele?nent>  is  a  compleat  and  determined 
Thing. 

2.  This  being  explained,  there  muft,  without  doubt, 
be  more  than  one  Element ,  otherwife  there  would  be  but 
one  uniform  Simplicity  in  Nature,  and  no  compounded 
Things.  But  Philofophers  have  not  agreed  what  is  meant 
by  Element ;  the  Reafon  of  which  is,  becaufe  they  have 
not  fo  much  inquired  into  the  Nature  .of  Things  themfelves 
as  into  the  Senfations  which  they  are  apt  to  raife  in  us . 
Thus  fome  Philofophers  who  confidered  the  Senfe  of  See¬ 
ing  only,  have  afferted  that  Light  and  Dark ,  Transparent 
and  Opacous  were  the  Elements  of  T hings.  Ana  others, 
who  referred  every  Thing  to  Feelings  have  pretended 
that  Hard  and  Liquid ,  or  Hot  and  Cold  were  the  Ele¬ 
ments. 

3.  Arijlotle  may  be  placed  amonglt  the  Number  of 
thefe  laft,  though  he  went  in  a  Way  fomewhat  different 
from  theirs.  He  confidered  firft,  the  principal  Qualities 
that  come  under  the  Senfe  of  Feelings  fuch  as  Heaty  Cold , 
Drynefs  or  Hardnefs ,  and  Moijlnefs  or  Liquidnefs  :  And 
after  he  had  obferved  that  two  of  thefe  Qualities  might 
meet  in  the  fame  Subject,  and  that  the  Four  might  be 
coupled  four  different  Ways,  he  compofed  four  Elements ; 
of  which  the  Firft  is  Cold  and  Dry,  the  Second  is  Cold 
and  Moijl ,  the  Third,  Hot  and  Moijl ,  and  the  Fourth, 
Hot  and  Dry. 

4..  Then,  in  order  to  give  Names  to  them,  he  exami¬ 
ned  what  thofe  Things  in  Nature  were,  in  which  one 
Element  feemed.  to  prevail,  or  in  which  its  Qualities  were 
moft  fenfible.  Thus,  imagining  the  Earth  to  be  both 
the  ccldeft  and  drieft  Thing  in  the  World,  he  called  his 
Firft  Element ,  Earth.  So  likewife,  becaufe  he  thought 
that  Water  Was  the  coldeft  and  moifteft  Thine,  he  cal- 

^  O/ 

led  his  Second  Element*  IVater.  Further,  imagining  alfo,  , 
that  there  is  nothing  more  moift  and  hot  than  Air,  he 
called  his  Third  Element ,  Air  ;  And  laftly,  not  doubting, 
but  that  Fire  is  the  hotteft  and  dryeft  Thing  in  the  World, 
l«e  called  his  Fourth  Element ,  Fire. 


5.  Art- 
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5.  Arijlotle* s  making  ufe  of  Names  which  were  before 
ufed  to  fignify  otherThings,  hath  given  occafion  to  many, 
who  did  not  "rightly  apprehend  his  Meaning,  weakly  to 
believe,  that  This  Earth  which  we  inhabit ,  This  Water 
which  we  drink ,  This  Air  zuhich  we  breathe ,  and  This  Fire 
which  we  kindle ,  are  the  Four  Elements.  But  this  will  ap¬ 
pear  a  very  grofs  Miftake,  to  any  one  who  confiders,  that 
the  Name  Element  is  given  only  to  the  mojl  fimple  Body , 
whereas  the  four  now  mentioned  are  the  moft  compound¬ 
ed  of  any  we  know. 

6.  But  if  we  fuppofe  the  Elements  of  Ariflotle  to  be  as 
fimple  as  he  makes  them,  and  if  we  compare  them  with 
thole  which  other  Philofophers  have  attempted  to  intro¬ 
duce  ;  we  do  not  find  any  Advantage  they  have,  why  we 
fhould  prefer  them  above  others ;  becaufe  in  this  Matter 
we  have  no  more  reafon  to  confider  the  Qualities  of  Feel¬ 
ing,  than  thofe  of  Seeing ,  or  any  other  Senfe.  But  nei¬ 
ther  the  one  nor  the  other  ought  to  be  allowed,  and  that 
for  thefe  two  Reafons,  which  feem  to  me  very  ftrong. 
The  Firft  is,  That  in  order  to  eftablifh  Elements  through¬ 
ly,  it  ought  to  be  upon  the  Determinations  which  may 
happen  to  Matter  absolutely  and  in  it  felf,  and  not  upon 
the  Relations  which  the  different  Forms  of  which  it  is 
capable  may  have  to  our  Faculties  to  raife  Senfation.  The 
Second  is,  that  all  thefe  pretended  Elements  being  deter¬ 
mined  by  fenfible  Qualities,  of  which  we  have  no  clear 
Notion  ;  it  is  impoffible,  but  that  there  muff  remain  fome 
Obfcurity,  into  which  no  Philofopher  can  fo  far  pene¬ 
trate  as  to  be  able  to  fee  what  will  arife  from  their  Mix¬ 
ture  ;  in  the  fame  manner  as  a  Phyfician  cannot  tell  what 
is  the  Virtue  of  a  Medicine  compofed  of  many  fimple 
ones,  of  which  he  has  only  a  confufed  Knowledge. 
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CHAP.  XX. 

Of  the  Elements  of  the  Chymifts . 

1  .The  Me-  I  Cannot  tell  whether  thefe  or  fuch  like  Reafons,  in- 
itod  of  the  duced  the  Chymifts  to  reject  thofe  Elements  which  the 
^findingon™  ^ntients  would  have  introduced  ;  thus  much  is  certain, 
of  Eumenis,  that  they  had  propofed  others  very  different.  And  in 

order  to  eftablifh  them  ;  as  they  profefs  an  Art  which 
confifts  principally  in  ufing  Fire  after  different  manners, 
to  feparate  as  much  as  is  poffible,  the  different  Parts  of 
which  different  Bodies  are  compofed,  they  have  pretend¬ 
ed,  that  this  Refolution  is  the  only  Way  to  find  out  what 
are  the  true  Elements  which  Nature  makes  ufe  of  in  the 
Compofition  of  Bodies  ;  as  the  taking  a  Machine  to 
Pieces,  is  the  only  way  to  find  out  what  it  is  compofed 
of. 

2  .mat  the  2.  Thus,  in  working  upon  certain  Bodies,  upon  Wine, 

M-rcfH_  °!  fuppofe,  they  put  a  large  Quantity  of  it  into  an  Alembick, 
f  2nd  by  means  of  Fire,  make  fome  of  its  Parts  exhale, 

which  being  then  condenfed  by  the  Cold,  fall  down  into 
another  Veffel  in  the  Form  of  a  ftrong,  fubtil,  and  pene¬ 
trating  Liquor,  to  Which  they  are  pleafed  to  give  the  Name 
of  Mercury ,  Spirit ,  or  Aqua-vitae, 
it  3*  ^tcr  this,  .continuing  the  Alembick  upon  the  Fire, 
is  that  they  they  make  it  diffill  a  Liquor  which  has  no  Tafte,  and 
fn/suhZr.  ^  they  call  Phlegm;  and  fo  they  go  on  till  there  re¬ 
mains  nothing  in  the  Alembick,  but  a  glutinous  Subjiance 
like  Honey.  Then  they  put  this  glutinous  Subftance  in¬ 
to  a  Retort,  and  with  Fire  they  make  it  again  diffill  a 
Phlegm  like  the  former,  and  then  an  acid  Liquor  which 
they  call  'Mercury  alfo  ;  and  after  that,  another  Liquor 
not  quite  fo  fluid,  fomewhat  like  Oil,  and  which  is  in¬ 
flammable  like  it,  to  which  they  give  the  Name,  Sulphur. 

4.  Laffly,  They  take  that  which  remains  in  the  Retort, 
and  which  prefe'ntiy  grows  dry,  and  burn  it,  and  put  the 
Afhcs  into  an  Earthen  Pot  or  Pan,  with  a  certain  Quan¬ 
tity  of  Water,  which  in  a  fhort  time  becomes  Salt,  then 
framing  it  off  olear  into  another  Veffel,  there  remains 
in  the  Pot  a  kind  of  duffy  infipid  Earth,  which  they  call 
Caput  mortuum  or  cl  erra  damnata ;  then  with  agentleFire, 
they  make  the  clear  Water  which  is  in  the  other  Veffel 
10  evaporate  intirely,  and  after  that,  there  remains  at  the 
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Bottom  of  the  VefTel,  a  hard  brittle  Body  which  is  very 
like  Salt,  and  therefore  they  call  it  Salt. 

5.  Hence  they  conclude,  that  thefe  five  Subftances,  5.  That 
viz.  Mercury ,  Phlegm ,  Sulphur ,  Salt  and  Caput  mortu-  Mercury, 
um ,  are  the  Elements  of  Wine:  And  becaufe  whatever  SutfhZr, 
they  can  extra<ff  out  of  any  other  Subjedf  refembles  one  Sate ,  and 
or  other  of  thefe,  therefore  they  conclude  in  general, 

that  thefe  Things,  are  the  only  and  the  true  Elements  of  rlTsteZni, 
all  the  mixed  Bodies  which  are  in  the  World,  and  that  °f  the  Cby~ 
all  the  Variety  that  we  fee  is  owing  to  the  different 
Mixture  of  thefe. 

6.  I  fhould  think  it  a  great  Piece  of  Injuftice  not  to  6.  How 

give  the  Chymifts  that  Commendation  which  is  due  to  . 

their  Induftry  and  laborious  Application.  Without  doubt  ZoPbihjC 
the  whole  World,  and  the  Philofophers  particularly,  ar e  fibers. 
very  much  obliged  to  them  for  the  Pains  they  have  taken, 

and  which  they  continue  to  take,  to  make  a  great  Num¬ 
ber  of  Experiments,  whereby  they  come  to  the  Know¬ 
ledge  of  diverfe  Properties  of  many  different  Things. 

This  gives  them  opportunity  to  find  out  and  difcover  the 
Nature  of  Things,  and  at  the  fame  time,  ferves  for  a 
Rule  to  try  the  T ruth  of  their  Principles  by,  and  to  juf- 
tify  their  Reafoning  and  the  Confequences  which  they 
draw  from  thence.  However  I  think  their  manner  of 
treating  of  Philofophy  is  not  fatisfadfory,  nor  their  Ele¬ 
ments  fuch  as  ought  to  be  allowed. 

7.  Though  the  exceffive  Commendations  which  they  7.  TbeEr- 
give  themfelves,  and  with  which  their  Books  are  filled,  as 

if  they  were  the  only  Philofophers,  and  the  Secrets  of 
Nature  depofited  in  their  Hands  alone ;  and  though  the 
large  Promifes  they  make,  which  for  the  moft  are  falfe 
and  vain,  have  rendred  them  almoft  univerfally  contemp¬ 
tible  to  the  World;  and  the  obfcure  Terms,  and  almoft 
perpetual  Equivocations  which  they  ufe,  have  made  them 
ridiculous  alfo  to  a  great  many  :  Yet  I  do 'not  depart  from 
their  Opinions  upon  this  Account.  For  as  to  txhefe  ex¬ 
ceffive  Commendations,  and  vain  Promifes,  they  are  only 
^erfonal  Faults  which  any  one  may  eafily  lay  afide,  and 
which  fome  Chymifts  of  my  Acquaintance  are  entirely, 
free  from ;  who  far  from  being  vain  and  proud  like  o- 
thers,  are  on  the  contrary,  fo  modeft,  that  if  they  had 
nothing  elfe  to  recommend  them,  they  ought  upon  this 
Account  to  be  placed  in  the  Rank  of  Gentlemen.  And  as 
to  the  Obfcurity  of  their  Terms,  fome  of  which  aie 
authorized  by  Cuftom,  that  is  eafily  difperfed,  if  we 
give  but  our  felves  the  Trouble  to  explain  them. 

8.  That 
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S  .  That 
they  cannot 
get  together 
all  the  Parts 
of  a  mixed 
Body  ^  and 
thofe  which 
they  do  get 
together  are 
altered , 


q.  Ibat, 
allowing  of 
their  Opini¬ 
on ,  there 
ought  to  be 
more  than 
five  Ele¬ 
ments. 


jo.  Phat 
they  have 
but  a  con- 
fujed  Notion 
op  their  own 
Elements. 


8.  That  which  makes  me  not  to  approve  of  the  Me¬ 
thod  of  the  Chymifls,  is,  firft,  becaufe  it  is  defective  ; 
for  it  is  certain,  that  let  them  take  never  fomuch  Pains# 
they  can  only  get  together  the  fenfible  Parts  of  which  a 
Body  is  com'pofed :  For  as  to  thofe  which  referable  that 
fubtil  Matter,  the  Exiftence  of  which,  we  demonftrated 
above,  ‘  and  which  go  to  the  Compofition  of  a  great  many 
Things,  thefe  efcape  all  their  Pains.  But  further,  that 
which  they  give  the  Name  of  Principle  to,  cannot  but 
be  very  much  altered,  and  very  different  from  what  it 
was  in  the  Mixture :  Por  it  is  impoflible,  but  that  the 
different  Parts  which  they  Extract,  when  they  are  put  in 
Agitation  by  the  Fire,  and  dafhed  one  againfl  another, 
muff  be  changed  both  in  their  Figure  and  in  their  Na¬ 
ture.  And  this  is  confirmed  by  Experience,  for  if  all 
the  Parts  into  which  the  Mixture  is  refolved,  be  mixed 
together  again,  the  Refult  will  not  be  at  all  like  the  for-^ 
mer  Mixture* 

9.  To  this  may  be  added,  that  the  Chymifls  deceive 
themfelves,  in  faying,  that  there  are  but  five  Elements  : 
For  allowing  of  their  Method,  and  the  Manner  upon 
which  it  is  founded,  we  mull  fay,  that  there  is  a  great 
Number,  yea  fo  great,  that  it  is  impoflible  to  know  them 
all.  Thus  there  are  a  great  many  Sorts  of  Mercury , 
Sulphur ,  Salt)  &c.  But  to  mention  Salt  only  ;  we  find 
almoft  as  many  different  Salts,  as  there  are  different  Mix¬ 
tures.  For  Example,  That  which  is  extracted  out  of  an 
Afh-tree,  is  Cauflick,  that  i$,  will  corrode  and  burn 
the  Flefh,  if  applied  to  it  ;  but  that  which  is  extracted 
from  an  Oak  will  not  do  fo. 

10.  But  that  which  {hocks  memofl  in  the  Reafoning 
of  the  Chymifls ,  is  the  Confufion  that  they  are  unwilling 
to  get  out  of,  and  the  Averfion  they  have  to  clear  and 
diflincl  Knowledge,  which  it  is  fo  natural  to  defire.  For 
Infl  ance,  if  we  ask  them  what  they  mean  by  Sulphur , 
they  will  anfwer  indeed,  that  it  is  a  fat  infammable  Sub- 
fiance  ;  but  if  we  go  on  to  ask  what  this  fat  inflammable 

Subfiance  is,  which  they  call  Sulphur,  and  in  what  this 
Property  of  being  Inflammable  confifls,  they  will  not  only 
not  give  us  any  further  Anfwer,  which  indeed  is  no  great 
Matter,  *  becaufe  they  have  none  to  give  ;  but  they  will 
be  offended  at  our  Curiofity,  and  that  we  fhould  have  any 
Deiire  to  be  fatisfied  herein  :  So  that  their  Science  extends 
no  further  than  to  give  Names  to  things  whole  Natures 
they  underfland  not,  and  confequently  from  the  Mixture 
of  which,  it  is  impoflible  to  forefee  what  will  arife,  which 

is 
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is  one  of  the  principal  Conditions  which  we  require  in 
Elements. 

11.  Perhaps  it  will  be  faid  here  in  favour  of  the  ”•  The 
Elements  of  the  Chymifls ,  and  in  favour  of  thofe  of  the  ^{/Tof^be 
Arijiotelians ,  that  though  we  do  not  know  diflindlly  what  Elements  of 
they  are  in  themfelves,  yet  we  know  at  leaft  what  they  tb^by- 
are  capable  of,  that  is,  the  Senfations  they  raife  in  us,  or  VP*/"* 
the  Convenience  or  Inconvenience  we  receive  from 

them,  which  they  think  fufficient  to  determine  what  the 
Effeft  of  their  Mixture  will  be.  For,  fay  they,  we  may 
lay  down  two'  general  Rules  hereupon  ;  Firfl,  That  if 
two  things  feparately ,  are  capable  of  producing  the  fame 
Ejfedl,  they  will  alfo  be  capable  of  producing  it  when  they 
are  mixed  together.  Secondly,  That  if  Two  things  fepa¬ 
rately,  are  capable  of  producing  two  contrary  Effects,  when 
they  are  compounded  together ,  they  will  produce  fame  middle 
Thing  between  thefe  two  Effects.  And  thefe  cannot  be  de¬ 
nied  to  be  of  good  Ufe. 

12.  Though  thefe  Rules  are  for  the  moft  part  found  12.  This 

to  be  true,  yet  it  will  be  very  wrong  to  trufl  too  much  Pretend^ 
to  them  ;  and  I  doubt  not  but  the  Chymifls  themfelves  YIlbTclfim 
will  difown  them  ;  for  they  know  very  well5>  that  he  of  our  mT~ 
who  exadlly  follows  them,  will  many  times  form  a  Judge-  klnK  many 
ment  contrary  to  Experience.  ’ 

•  13.  For  in  fiance,  if  we  follow  thefe  two  Rules  flridl-  13.  Tbefirfi 
ly,  we  mull  affirm,  that  two  Bodies  which  feparately  are  lnfianc*' 
cold ,  ought  together  to  make  one  cold  Body. 

14.  We  mufl  affirm,  that  two  liquid  Bodies  will  com-  14.  II.  in- 

pofe  one  liquid  Body.  fiance. 

15.  That  two  tranfparent  Liquors  will  compofe  one  I5.  m  Ir_ 

tranfparent  Liquor.  fiance. 

16.  That  two  red  Liquors  mixed  together,  will  make  l6>  IV  In_ 

one  red  Liquor.  fiance. 

17.  That  a  Body  of  a  Tellowijh  Colour ,  mixed  with  17.  v.  !>:- 
a  Body  of  a  Green  Colour ,  ought  to  compofe  a  Tellowijh  ^ance. 
Green. 

18.  That  two  things  which  may  be  feparately  taken  rg.  vi.  in- 
without  any  danger,  may  alfo  be  taken  together  without  fiance, 

any. 

19.  However,  we  know  that  every  one  of  thefe  are  19*  Tkefirfi 
contradidled  by  the  following  Experiments.  For  Exam- 

pie,  cold  Lime ,  having  cold  Water  fprinkled  upon  it,  trary.  ^ 
grows  fo  hot,  as  to  be  ready  to  burn.  Further,  If  Oil 
of  Vitriol  and  Oil  of  Tartar ,  each  of  which  are  cold,  be 
mixed  together,  we  fhall  perceive  a  hidden  Ebullition, 
and  at  the  fame  time  a  very  fenfible  Heat. 


20.  If 
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20.  II.  Exm 
periment. 


21.  III.  Ex. 
periment. 


22.  Of 

Sympatbe- 
tick  Ink . 


23.  IV-Ex 
periment. 


24.  V.  £x 
periment. 
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20.  If  Sp/r/7  of  Wine  and  Spirit  of  Urine ,  each  of 
which  are  very  fluid,  be  mixed  together,  they  will,  in 
a  Moment  almoft,  unite  into  a  Body  not  at  all  fluid, 
but  pretty  hard. 

21.  If  about  an  Ounce  of  Litharge  of  Silver  be  put  in¬ 
to  a  Pint  of  diflilled  Vinegar ,  and  boiled  half  a  Quarter 
of  an  Hour,  and  if  a  Piece  of  unjlacked  Lime  be  fteeped 
Four  and  twenty  Hours  in  a  fufficient  Quantity  of  Wa¬ 
ter  ( it  muft  be  in  an  Earthen  Pot  varnifhed,  new  and 
clean  ;  )  and  afterwards  each  of  thefe  Liquors  be  {trained, 
they  will  be  very  tranfparent ;  but  when  they  are  mixed, 
they  will  become  opacous  and  of  a  very  brown  Colour. 

22.  In  the  Ufe  of  thefe  two  Liquors  confifts  the  whole 
Secret  of  the  Ink,  which  they  call  Sympathetic k  Ink . 
They  write  that  which  they  would  not  have  feen,  with 
the  firft  Water,  and  the  Writing  difappears  the  Moment 
that  it  is  dry  :  Then,  he  who  receives  the  Letter,  wipes 
over  the  Paper  with  a  Sponge  ever  fo  little  moiftned 
with  the  other  Water,  and  the  Writing  begins  to  ap¬ 
pear  of  a  reddifh  Colour,  tending  to  a  Black.  If  thefe 
Waters  are  frefh  made,  and  Care  be  taken  to  cover 
the  Pot  •  in  which  the  unflacked  Lime  is  infufed,  the 
Sponge  that  is-  moiften’d  need  not  touch  the  W riting,  in 
order  to  make  it  appear ;  it  is  fufficient,  if  it  pafs  by  if 
at  a  little  diftance :  Nay  I  have  often  feen  the  Lime- 
Water  fo  ftrong,  that  when  the  Letter  written  with 
the  firft  Water  was  laid  upon  a  Table,  and  covered 
with  a  Quire  of  Paper,  the  upper  Leaf  of  which  only 
was  moiftned  with  the  Second  Water,  the  Writing  grew 
black. 

23.  If  a  Piece  of  Brafl  Wood  be  boiled  in  Water  over 
the  Fire,  v/e  (hall  prefently  have  a  Liquor  pretty  red  ; 
which  if  it  be  afterwards  poured  into  a  Glafs  in  which 
there  is  ever  fo  little  Vinegar,  this  Colour  will  be  changed 
into  an  Amber-Colour,  and  that  fo  quick,  that  the  firft 
Colour  will  difappear  entirely,  as  foon  as  the  Water 
touches  the  Bottom  of  the  Glafs. 

24.  It  is  certain,  that  Nut-Galls  are  of  a  Yellowifh 
Colour,'  and  that  when  they  are  reduced  to  Powder, 
there  is  no  more  Blacknefs  in  them,  than  in  the  Cop¬ 
peras,  which  is  green  ;  and  yet  if  thefe  two  be  infufed 
in  common  Water  for  a  few  Days,  or  if  you  would 
have  it  quicker,  if  the  Water  be  boiled  an  Hour  or  two 
over  the  Fire,  they  will  be  of  one  black  Colour,  and 
not  differ  from  Ink  but  only  in  this,  that  they  want 
the  Gum  Arabick. 

2 5.  ?hY’ 
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25.  Phyficians  order  fometimes  a  few  Drops  of  Spirit  as-Vl* 
of  Nitre  or  of  Oil  of  Vitriol  to  be  taken  in  Broth  or  fome  PerlrKent • 
other  Liquor,  and  thefetwo  Things  taken  feparately  and 
in  proper  Cafes,  are  good  Remedies,  but  if  they  be  ta¬ 
ken  together,  they  are  Poifon.  Now  this  Experiment, 
together  with  the  foregoing  ones,  and  many  others  that 
might  have  been  added,  do  fo  evidently  fhow  the  Un¬ 
certainty  of  the  two  forementioned  Rules,  and  confe- 
quently  the  little  Ufe  of  the  Elements  of  the  Anti ents  and 
of  the  Chymifls ,  that  there  is  no  need  of  adding  any 
Thing  more:  That  which  now  remains  to  be  done,  is 
to  endeavour  to  difeover  what  are  the  true  Elements  of 
natural  Things. 

CHAP.  XXI. 

Of  the  Elements  of  Natural  Things. 


THAT  we  may  add  here  with  all  pofiible  Caution,  1.  That  we 
and  eflablifh  {he  number  of  Elements,  upon  the  cfff°fkbi 
Confideration  of  Things  as  they  are  in  themfelves,  with-  fcnbir.g 
out  any  regard  to  the  Manner  of  their  afFedling  us  ;  we  Figures  to 
obferve,  that  the  firft  Thing  that  we  can  conceive  to  hap-  °'P 

pen  to  Matter,  is,  that  it  may  be  divided  into  a  great 
Number  of  Parts,  all  which  are  of  a  certain  Figure.  This 
Confideration  is  of  great  Importance  ;  for  if  we  attend 
ever  fo  little  to  it,  we  fhall  be  furprized  at  fome  Perfons, 
who  are  ready  to  laugh,  when  we  obferve  to  them,  that 
the  Parts  of  Matter  are  of  a  certain  Figure,  and  yet  can 
ferioufly  hearken  to  thofe  who  tell  them  of  occult  Qua¬ 
lities,  which  they  cannot  at  all  comprehend. 

2.  We  obferve  further,  that  befides  thofe  grofs  Bodies,  2,  7 -yat 
fuch  as  we  can  take  notice  of,  with  which  we  are  fur-  there  are  a 
rounded  ;  there  are  an  infinite  Number  of  others  very  fmall,  ^.uffue 
which  efcape  our  Sight,  and  which  were  not  at  all  known  jmau i0dia, 
to  the  Antients.  Though  even  amongft  thefe,  if  we 
ftridfly  examine  them,  fome  may  be  made  appear  to  us, 
fuch  as  the  little  Eels ,  which  fpring  up  almofi:  in  a  Mo¬ 
ment,  in  the  bejl  fort  of  Vinegar  fet  in  the  warm  Sun  ;  but 
it  is  certain,  we  had  not  known  of  thefe  finali  Creatures 
to  this  very  Day,  were  it  not  for  the  happy  Invention  of 
the  Microfcope,  in  this  Age.  Thus,  for  Example,  Specks 
of  Mould  upon  the  Covers  of  Books,  have  been  long  ob- 
V  o  l.  I.  I  ferved, 
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ferved,  and  alfo,  that  a  Mite,  which  is  much  lefs  than  a 
Grain  of  Sand,  is  an  Animal,  becaufe  we  can  fee  it  move 
along  j  but  it  is  fince  the  Invention  of  Microfcopes  that 
we  can  with  pleafure  fee  not  only  that  they  are  fo,  but 
that  every  Speck  of  Mould  is  a  little  Garden  covered  with 
Plants,  every  one  of  which  has  its  Stalky  Leaves ,  Buds 
and  Flowers  ;  and  that  a  Mite  has  its  Back  covered  with 
Scales ,  that  it  has  three  Feet  on  each  Side ,  and  two  black 
Spots  in  the  Head,  which  we  fuppofe  to  be  Eyes,  becaufe  if 
the  Point  of  a  Needle  be  put  in  its  way,  it  will  turn  afide. 

3.  7 bat  3.  Since  fuch  fmall  Bodies  are  difcovered  and  feen  by 

tbtj'  Bodies  t]ie  Microfcope,  we  may  reafonably  judge  that  there  are 
Cpaftt fill  Parts  incomparably  lefs  yet,  which  efcape  all  our  Senfes, 
/ matter .  all  the  Induftry  of  Man,  and  exceed  even  our  Imagina¬ 

tion  itfelf.  And  that  this  may  be  clear  by  one  Exam¬ 
ple  ;  Since  a  Mite  walks  along,  it  muft  have  Legs,  and 
thefe  Legs  muft  necefiarily  have  Joints.  In  order  to  move 
the  Joints,  there  muft  be  Mufcles ,  Nerves  and  Tendons , 
and  in  thefe  Nerves  Fibres ,  fuch  as  we  fee  in  thofe  of  lar¬ 
ger  Animals,  or  at  leaft,  fomething  equivalent  to  them  : 
And  if  we  would  carry  this  Confideration  yet  further,  and 
fpeak  of  the  Heart ,  Blood ,  Brain ,  and  Animal  Spirits , 
we  fhall  be  quite  at  a  Lofs,  and  forced  to  confefs,  that 
our  Imagination  is  unable  to  comprehend  or  reprefent  the 
extreme  Smallnefs  of  the  leaft  Parts  of  which  a  Mite  is 
compofed.  I  defire  that  thefe  Things  may  be  well  consi¬ 
dered,  and  I  have  purpofely  urged  them,  to  avoid  the 
Impertinence  of  thofe  Perfons,  who  ridicule  every  Thing 
propofed  to  them,  which  does  not  agree  with  their  grofs 
Notions ;  and  who  make  a  Jeft  of  it,  when  we  men¬ 
tion  that  fubtle  Matter  to  them,  whofe  quick  Motion  and 
Smallnefs  makes  a  Paflage  for  it,  and  finds  it  a  Place 
every  where. 

4.  That  4.  Having  laid  down  thefe  Obfervations,  fince  we  are 
Elementi  r  aflured,  that  the  fmalleft  Bodies  in  the  World,  as  well  as 
Vf/lfDi-  t^ie  larger>  fr°m  the  Mixture  of  Elements  ;  and 
vijon  that  fince  it  is  certain,  that  a  fuflicient  Number  of  the  fmalleft 
can  be  of  partS9  may  compofe  as  great  a  Body  as  we  will  ;  we 

muft  conclude,  that  there  ought  to  be  as  many  Elements, 
as  there  can  be  remarkable  Differences  in  the  infenfible 
Parts  of  Matter  upon  their  firft  Divifion. 

5.  That  ive  5.  Now  that  my  Mind  may  be  the  clearer  underftood, 
ileal  of ‘be  *  muft  repeat  the  Advice  which  1  before  gave,  viz.  That 
Divifion  I  confider  Things  in  their  mere  natural  State.  And  though 
that  wat  J  am  very  well  aware,  that  the  firft  Divifion  of  Matter 
clttZi  If  was  made  by  Ged,  aud  as  he  pleafed,  when  he  created 

the  World*  -  *  the 


Chap.  2i.  c/Natural  Philosophy.  115 

the  World  ;  yet  that  is  not  the  Divifion  I  am  here 
fpeaking  of,  becaufe  I  believe  the  Creation  to  be  a  Myf- 
tery  which  I  cannot  fearch  to  the  Bottom  of.  So  that 
I  fpeak  of  another  Divifion,  which  may  be  made  agree¬ 
ably  to  the  Notions  we  have,  and  of  which  all  the 
Things  in  the  World  are  the  Confluences. 

6.  Thus,  confi dering  as  far  as.  I  am  able  all  Matter,  6.  What 

I  firft  divide  it  in  my  Mind  into  an  infinite  Number  0£tba*Div{ft* 
Parts  very  near  equal,  not  troubling  my  felf  what  figure  Tfu'ppfJ* 
they  are  of,  becaufe,  there  may  be  a  great  many  other  Elements  to 
Figures,  befides  Cubicle  which  comes  firft  into  every  one’s  ariIe  from* 
Thought,  that  may  produce  the  fame  Effecft.  After  this, 

I  fuppofe  that  God  turns  every  one  of  thefe  little  Parti¬ 
cles,  in  many  different  Manners,  about  their  feveral 
Centers,  in  order  that  a  true  Divifion  of  them  from  each 
other  may  begin  to  be  made. 

7.  This  being  fuppofed,  it  cannot  be  but  that  all  thefe  7.  ^ 
Particles  of  Matter  muft  be  broken  where-ever  they  are  thtre  mu^ 
angular,  or  are  intangled  with  thofe  that  join  to  them  ;  Thr^EU- 
fo  that  thofe  which  were  fuppofed  before  to  be  very  fmall,  menu% 
muft  become  ftill  fmaller  and  fmaller,  till  they  are  got 

into  a  Spherical  Figure.  Thus  we  have  two  Sorts  of 
Matter  determined,  which  we  ought  to  account  the  two 
firft  Elements.  And  of  thefe  two  we  here  call  that  which 
conlifts  of  the  very  fine  Duft  which  comes  off  from  thofe 
Particles,  which  are  not  quite  fo  fmall,  when  they  are 
turned  round,  the  firft  Element.  And  thefe  Particles  thus 
made  round,  we  call  the  Second  Element.  And  becaufe 
it  may  be,  that  fome  of  the  fmall  Parts  of  Matter,  either 
fingly  or  united  together,  may  continue  in  irregular  and 
confufed Figures,  not  fo  proper  for  Motion,  we  take  them 
for  the  third  Element ,  and  join  them  to  the  other  two. 

8.  As  to  the  chief  Properties  of  thefe  three  Elements ,  3.  The  Pro- 
k  is  to  be  obferved,  that  it  is  no  Contradiction  to  fuppofe  fertles  °f  E *• 
them  to  be  changed  from  one  Sort  to  another  :  Thus  the  lmenu% 
Partjcles  of  the  Third  Element  may  fometimes  be  made 

round,  and  acquire  the  Form  of  the  Second.  And  thofe 
of  the  Second  and  Third  may  be  broken,  and  fo  converted 
into  the  Firft.  But  none  of  thefe  three  Elements  will 
better  preferve  their  Form  than  the  Second ,  becaufe  it  is 
more  folid,  and  the  Spherical  Figure,  which  it  is  of,  will 
allow  it  to  move  about  it  felf,  without  being  intangled  with 
the  Particles  about  it.  On  the  contrary,  none  are -fo 
eafily  changed  as  the  Firft ,  becaufe  its  Particles  moving 
very  quick,  and  being  very  fubtle,  they  cannot  refift  the 
Shock  of  the  Particles  belonging  to  the  ether  Elements, 

Vol,  I,  I  2  .  when 
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9.  7be  Pro¬ 
perties  of 
tbe  Fir jit 


jo.  Hew  tbe 
Firfi  Ele¬ 
ment  ac¬ 
quires  great¬ 
er  Velocity 
than  tbe 
other  Two. 


II.  Why  we 
do  not  give 
proper 
Flames  to 
tbrje  Ele- 
ments • 


12.  7hat 

tbeje  three 
Elements  are 
not  imagi¬ 
nary * 


when  they  meet  with  them,  but  are  forced  at  all  times 
to  fuit  their  Figures  to  thofe  of  the  Places  through  which 
they  pafs,  and  where  their  Motion  carnes  them. 

9.  The  Firjl  Element  ought  alfo  to  have  more  Motion 
than  either  of  the  other  Two,  for  though  all  the  three 
Elements ,  were  at  the  Beginning  equally  moved  by  the 
Firft  Mover,  yet  it  muft  afterwards  happen,  that  the  firft 
Element  having  oftentimes  met  with  other  Bodies  which 
refilled  it,  and  which  it  could  not  move,  will  be  reflected 
back,  without  lofing  any  of  its  own  Motion  ;  whereas 
the  other  Elements  cannot  meet  this,  but  they  will  move 
it,  and  fo  increafe  its  Motion  by  diminifhing  their  own. 

10.  And  fince  the  Firjl  Element  is  often  forced  to  run 
into  thofe  little  Intervals  which  are  between  the  fmall 
Globes  of  the  Second  Element ,  it  muft  neceflarily  be,  that 
many  of  its  Parts  being  comprefled,  will  leave  the  Place 
where  they  are,  and  get  forward  ;  and  fo  having  a  Moti¬ 
on  compounded  of  their  own  Motion,  and  of  that  of 
the  Parts  which  follow  them  and  prefs  upon  them,  they 
will  acquire  a  greater  Velocity  than  the  Parts  of  the  Se¬ 
cond  Element  which  force  them  on.  In  the  fame  man¬ 
ner  as  the  Air  contained  in  a  pair  of  Bellows  goes  out 
with  much  greater  Velocity  than  the  Sides  of  the  Bellows 
approach  each  other,  and  which  by  their  approaching, 
pufh  it,  and  make  it  to  go  out. 

11.  I  would  have  it  obfervedby  the  way,  that  I  might, 
after  the  Example  of  Arijlotle ,  give  Names  to  the  three 
forementioned  Elements ,  from  the  Things  which  partake 
moft  of  them  :  Thus,  I  might  give  the  Name  Fire  to  the 
Firjl  Element ,  Air  to  the  Second ,  and  Earth  to  the  Third. 
But  befides,  that  this  would  be  to  adl  contrary  to  Order, 
becaufe  I  have  not  yet  proved,  that  Fire  is  for  the  moft 
part  compofed  of  the  Firjl  Element ,  Air  of  the  Second , 
and  Earth  of  the  Third ;  there  is  yet  another  Reafon  that 
ought  to  hinder  me  from  doing  it,  and  that  is,  that  I 
fhould  give  Occafion  for  abufmg  them,  and  for  having 
them  underftood  in  another  Senfe  that  what  I  intend  they 
Ihould  be. 

12.  Perhaps  it  will  be  here  faid,  that  Matter  was  not 
divided  in  the  Beginning  as  I  have  fuppofed  ;  But  tho’  I 
agree  it  may  be  fo,  this  makes  nothing  againft  me  ;  for 
it  fignifies  very  little  how  Matter  was  divided  at  the  Be¬ 
ginning  ;  and  in  what  manner  foever  it  was  divided, 
there  is  no  doubt  but  it  is  now  divided  into  thofe  three 
Sorts  of  Matter  which  I  have  deferibed  ;  it  being  certain, 
that  they  neceflarily  follcw  fivm  the  Mytion  and  the 

DivifiQn 


Chap.  2i.  of  Natural  Philosophy. 

Divifion  of  the  Yarts  of  Matter  which  Experience  obliges 
us  to  acknowledge  in  the  Univerfe.  So  that  the  ’Three 
Elements  which  I  have  eftablilhed,  ought  not  to  be  look¬ 
ed  upon  as  imaginary  Things;  but  on  the  contrary,  as 
they  are  very  eafy  to  conceive,  and  we  fee  a  neceflity  of 
their  Exigence,  (i)  we  cannot  reafonably  lay  afide  the 
Ufe  of  them,  in  explaining  Effedts  purely  Marterial. 

I  3  CHAP. 


(l)  We  cannot  reafnably  lay  afide ) 
Thefe  three  Element*  are  to  be  look¬ 
ed  upon  as  fictitious  and  imaginary, 
becaufe  they  depend  upon  a  Plenum 
every  where,  which  we  have  before 
rejedted.  But  concerning  the  true 
Elements  of  Nature,  the  iilultrious 
Newton  thus  explains  himfelf. 

It  feems  probable  to  me,  that  God 
in  the  Beginning  formed  Matter  in 
f olid ,  majjy,  bard,  impenetrable ,  wo*- 
veable  Particles ,  of  fucb  Sixes  and 
Figures,  and  with  fucb  other  Proper¬ 
ties,  and  in  fucb  Proportion  to  Space, 
as  moft  conduced  to  the  End for  which 
he  formed  them  ;  and  that  thefe  Pri¬ 
mitive  Particles  being  Solid,  are  in¬ 
comparably  harder  than  any  porous 
Bodies  compounded  of  them  ;  even 
fo  very  hard,  as  never  to  wear  or 
break  in  Pieces  :  No  ordinary  Power 
being  able  to  divide  wbat  God  him¬ 
felf  made  one  in  the  firft  Creation. 
While  the  Particles  continue  entire, 
they  may  compofe  Bodies  of  one  and 
the  fame  Nature  and  Texture  in  all 
■Ages  :  But  fhould  they  wear  away  or 
break  in  Pieces,  the  Nature  of  things 
depending  on  them,  would  be  changed. 
Water  and  Earth  compofed  of  old 
worn  Particles  and  Fragments  of 
Particles,  would  not  be  of  the  fame 
Nature  and  Texture  now,  with  Wa¬ 
ter  and  Earth  compofed  of  entire  Par¬ 
ticles  in  the  Beginning .  And  there¬ 
fore  that  Nature  may  be  lafting,  the 
Changes  of  corporeat  Things  areto  be 
placed  only  in  the  various  Separati¬ 
ons  and  new  Afociations  and  Motions 
of  thefe  permanent  Particles  j  com¬ 
pound  Bodies  being  apt  to  break,  not 
in  the  midjl  of  f olid  Particles,  but 
where  rbofe  Particles  are  laid  toge¬ 
ther,  and  only  touch  in  a  few  Points, 
Opticks  pag  375. 

Further,  noth:ng  can  be  more  ab- 
furd  than  to  imagine,  that  all  thefe 
furprizing  Things  in  the  Univerfe, 
ati'e  and  were  formed  out  of  thofe 
three  Elements  of  Cartes ,  and  by 


the  Motion  imprefled  upon  them  in 
the  Beginning,  without  any  Inter¬ 
poli:  ion  afterwards,  either  of  God 
himfelf,  or  any  other  intelligent 
Gaufe.  For  according  to  that  Hypo- 
ihefis,  the  Followers  of  Cartes  have 
not  fo  much  as  dared  to  attempt  ex¬ 
plaining  how  all  Kind  of  Plants  and 
Animal  Bodies  (which  are  the  prin* 
cipal  and  moft  excellent  Part  of  this 
Univerfe)  were  at  firft  made,  and  by 
what  Laws  of  Motion  they  were 
framed.  How  much  better  does  the 
forementioned  admirable  Perfon  ex¬ 
press  himfelf 

Nw  all  material  Things  Jeem  to 
h  ive  been  compofed  cf  the  hard  and 
foltd  Particles  ahovementioned,  vari- 
oufly  affociatedin  the  firft  Creation  by 
the  Council  of  an  intelligent  Agent . 
For  it  became  him  who  created  them 
to  fet  them  in  order.  And  if  he  did 
fo,  ’ tis  unpbilofophical  to  feekfor  any 
other  Origin  of  theWortd,  or  to  pre¬ 
tend  that  it  might  arfe  out  of  a 
Chaos  by  the  mere  Laws  of  Nature  : 
though  being  once  formed,  it  may 
continue  by  thofe  Laws  for  \many  A- 
get.  For  while  Comets  move  in  very 
excentrick  Orbs  in  all  Manner  of  Po- 
fitions ,  blind  Fate  could  never  make 
all  the  Planets  move  one  and  the  fame 
way  in  Orbs  concent  rick,  fme  incon - 
Jiderable  Irregularities  excepted , 
which  may  have  rtfn  from  the  mu¬ 
tual  Aftions  of  Comets  and  Planets 
upon  one  another,  and  will  be  apt  to 
ir.creafe,  ' till  this  Syftem  wants  a 
Reformation.  Such  a  wonderful  U- 
niformity  in  the  Planetary  Syllem 
mufl  be  allowed  the  EfftB  of  Choice , 
And  fo  mufi  the  Uniformity  in  the 
Bodies  of  Animals,  they  having  ge¬ 
nerally  a  right  and  a  left  Sideftoapsd 
alike,  and  on  either  Side  of  their  Bo* 
dies,  two  Legs  behind,  and  either 
two  Arms,  or  two  Legs,  or  twQ 
Wings  before  upon  their  Shoulders , 
and  between  their  Shoulders  a  Neck 
running  down  into  a  Back -bone,  and 
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CHAR  XXII. 


Of  the  Form  of  a  Hard  and  of  a  Liquid  Body>  or 
of  Hardnefs  and  Liquidity , 


BECAUSE  it  s  by  means  of  our  Senfes,  that  we 
find  out  the  principal  Differences  obferved  in 
Things  ;  I  think  we  cannot  do  better,  than  to  confult 
them  one  after  another,  to  find  out  in  what  Order  the 
Forms  of  natural  Bodies  ought  to  be  treated,  beginning 
with  thofe  thatdifcover  to  us  the  feweft  Properties  of  their 
Objedfs.  And  fmce  the  Senfe  of  Feeling  is  the  groffeft 
of  all,  and  that  which  takes  up  the  leafl  Compafs  of  our 
Views,  I  will  begin  my  Inquiry  with  that.  Now  when 
we  make  ufe  of  the  Senfe  of  Feeling,  to  difcover  what 
Sort  of  Bodies  they  arc  which  fur-round  us,  we  ob ferve 
that  there  are  feme  which  refill:  the  Motion  of  our  Hands, 
and  will  not  be  divided  without  great  Difficulty  ;  on  the 
contrary,  there  are  others  which  do  not  refill:  them  at  all, 
but  are  very  eafily  divided  all  ways  ;  the  firft  of  thefe  we 
call  hard  Bodies ,  and  the  other  liquid  Bodies  ;  and  we  fay, 
that  a  Body  is  fo  much  the  harder,  as  there  is  greater  Dif¬ 
ficulty  in  dividing  it,  and  another  fo  much  the  fofter,  as 
it  refills  lefs,  and  is  divided  with  greater  eafe.  And  thofe 
Bodies  which  are  of  a  middle  Sort,  betwixt  hard  and 
liquid,  and  which  refill  our  Feeling,  or  the  Motion  of 
our  Hand  but  a  little,  thefe  we  call  fofi , 


.4*  Head  upon  it ;  And  in  the  Head 
two  Ears ,  two  Eyes,  a  Nofe,  a 
.Mouth,  and  a  'Tongue,  alike Jituated. 
.Alfa  the  jir ft  Contrivance  of  thofe 
very  artificial  Parts  of  Animals,  the 
Eyes ,  Ears,  Brain,  Mufcles,  Heart, 
Lungs,  Midriff,  Glands,  Larynx, 
Hands,  Wings,  fwimming  Bladders , 
natural  Speblocles ,  and  other  Organs 
of  Senfe  and  Motion  ;  and  the  InftinEi 
•f  Brutes  and  InfeEls  can  be  the  Ef- 
fefi  of  nothing  clfe  than  the  JEifdom 
and  Skill  of  a  powerful  ever  la  ft  mg 
Agent,  who  being  in  all  Places,  it 
more  able  by  his  Will  to  move  the 
Bodies  within  his  boundlefs  uniform 
Senforium,  and  thereby  to  form  and 
reform  the  Parts  of  the  Univerfeyhan 
%oe  are  by  our  W \ll  ts  move  the  Parts 
if  our  own  Bodies .  And  yet  wc  are  not 


to  confider  the  World  as  the  Body  of 
God,  or  the  feveral  Parts  thereof  at 
Parts  of  God .  He  it  an  uniform  Bet 
ing,void  of  Organs,  Members  or  Farts, 
and  they  are  bis  Creat  uret  fubordinate 
to  him,  and  fubfer vient  to  his  Will * 
And  he  is  no  more  the  Soul  of  them, 
than  the  Soul  of  a  Man  it  the  Soul 
of  the  Species  of  [kings  carried  thro * 
the  Organs  of  Senfe,  into  the  place  of 
his  Senfation ,  where  it  perceives  them 
by  means  of  its  immediate  prefence 
•without  the  Intervention  of  any  '1 bird 
Thing,  The  Organs  of  Senfe  are  not 
for  enabling  the  Soul  to  perceive  the 
Species  of  Things  in  its  Senforium, 
but  only  for  conveying  them  thither  j 
and  God  has  no  need  of  fucb  Organs , 
be  being  every  where  prefent  to  the 
Things  tbemj elves,  Ibid.  p.  378. 

!  2.  We 
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2.  We  obferve  alfo  that  a  Body,  which  refills  the  *•  7 bat 
Touch  and  is  with  Difficulty  divided,  keeps  it  felf  alfo  p^id  Bodies 
within  its  proper  Limits,  and  preferves  its  Figure,  with-  are  the  fame 
out  wanting  a  Veffel  to  contain  it;  and  on  the  other  kind°f  Bo- 
hand,  that  a  Body  which  does  not  refill  the  Touch,  does  Zlylndmoifi 
not  contain  it  felf  within  its  Limits,  but  runs  and  fpreads  Bcdus  of  tbs 
about,  if  it  be  not  put  into  fome  Velfel.  Wherefore  ^nt,ent(* 
Arijlotle  having  given  the  Name  of  Dry  to  a  Body  which 

is  contained  within  its  proper  Limits,  and  that  of  MoiJly 
to  a  Body  which  does  not  do  fo,  but  wants  to  be  con¬ 
tained  within  the  Limits  of  another  ;  it  follows  that 
the  hard  Body  we  are  fpeaking  of  is  the  fame  as  what 
Arijlotle  called  Dryy  or  at  leall  a  Species  of  it  ;  and  alfo 
that  the  Liquid  is  the  fame  with  the  MoiJly  or  at  leall  a 
Species  of  it. 

3.  As  Arijlotle  has  not  explained  what  Drynejs  and  3*  ™*>at 

Moijlnejs  confill  in,  fo  neither  has  he  explained  the  ^  Zf^-L 
Nature  of  a  hard  and  a  liquid  Body.  But  moll  of  his  totle,  make 
Followers  contend,  that  a  Body  is  hardy  becaufe  it  com-  Hardnefs 
prehends  a  great  deal  of  Matter  in  a  little  Compafs,  and  *”j-s 

that  a  Body  is  liquid ,  becaufe  it  contains  but  a  little 
Matter  in  a  great  Compals;  fo  that  they  make  Hard- 
nefs  to  confill  in  Condenfation,  and  Liquidnejs  in  Rare¬ 
faction. 

4.  It  is  to  be  obferved,  that  they  would  be  under-  4.  That 
flood  to  fpeak  here  of  a  Rarefaction,  without  the  Addi-  the,r  °Pini ' 
tion  of  any  Matter  at  all,  not  fo  much  as  of  foreign  Zfa/feSup" 
Matter  ;  and  of  a  Condenfation  which  does  not  in  the  pofitioo . 
leall  fuppofe  any  Sort  of  Matter  to  come  out  of  the 

Pores  of  the  condenfed  Body ;  which  T  hings  are  di- 
re&ly  oppolite  to  what  has  been  before  eftablilhed  ; 
wherefore  it  cannot  be  thought  llrange,  if  we  do  not 
agree  together  as  to  the  Nature  of  hard  and  liquid 
Bodies. 

5.  But  if  RarefaClion  and  Condenfation  were  made  as  5*  ACmfu- 
they  pretend,  yet  it  were  eafy  to  prove  that  they  are  opiZZfof* 
miflaken  in  their  Notion  of  Hardnefs  and  Liquidnefs  :  the  Arifto- 
For  as  the  producing  one  Piece  of  white  Marble,  is  fuf- 

ficient  to  Ihow,  that  the  Nature  of  Marble  does  not  \Zby  viffeis 
confill  in  Blacknefs,  fo  it  lhall  fulfice  to  bring  one  I n-/«//  of  fVa* 
llance  of  a  Body  which  dilates  it  felf  when  it  grows  hJJJ 
hard,  in  order  to  fhow  that  Hardnefs  does  not  confilt  in  prop% 
Condenfation  :  Thus  we  fee  that  Water  is  dilated,  when 
it  is  turned  into  Ice,  for  the  Velfels  which  contained  it, 
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and  juft  held  it,  cannot  then  contain  it,  ( 1)  but  are  many 
times  broken. 

6.  I  know  very  well,  that  it  will  here  be  anfwered  as 
ufual,  that  the  Veftels  would  not  be  broken,  but  for  fear 
of  a  Vacuum:  That  is,  becaufe  their  Sides  approach  one 
another,  that  there  may  not  be  any  Space  left  between 
their  Concave  Superficies  and  the  Convex  Superficies  of 
the  Water  which  is  condenfed.  But  if  this  were  true, 
it  would  follow,  that  all  tbe  Glafs  T ubes  which  we  ufed 
in  the  forementioned  Experiments,  ought  alfo  to  be 
broken,  when  no  Air  got  into  the  Place  out  of  which 
the  Quickfilver  came,  which  did  not  come  to  pafs,  as  I 
have  oftentimes  tried. 

7.  Add  to  this,  that  if  Ice  were  only  condenfed  Wa¬ 
ter  ;  to  make  for  Inftance,  a  Cubick  Foot  of  Ice,  there 
muft  be  more  than  a  Cubick  Foot  of  Water,  and  con- 
fequently  a  Piece  of  Ice  would  weigh  more  than  a  Quan¬ 
tity  of  Water  of  the  fame  Dimenfions.  iFrom  whence 
it  follows,  according  to  what  has  been  before  demonftra- 
ted,  that  Ice  ought  to  fink  to  the  Bottom  of  the  Water, 
and  not  fwim  at  the  Top,  as  we  find  it  does. 

8.  But  for  the  full  ConviCHon  of  thofe  who  feem  to 
defy  all  Arguments,  and  truft  only  to  what  they  fee,  let 
them  but  take  a  Glafs  of  the  Shape  of  an  inverted  Cone 
or  Pyramid,  and  after  having  filled  it  quite  full  of  Wa¬ 
ter,  expofe  it  to  a  great  Froft,  that  the  Water  may  be¬ 
come  Ice  ;  then  if  the  Glafs  holds  but  half  a  Pint,  we 
Ihall  fee  the  Ice  rife  up  about  the  fixth  Part  of  an  Inch 
above  the  Mouth  of  the  Glafs,  which  is  (2)  a  Dilatation 
fenfible  enough  not  to  doubt  of  the  Fadf. 

9.  This  then  is  a  certain  T ruth,  that  every  Body  which 
becomes  hard,  is  not  condenfed  ;  and  therefore  Hardnefs 
does  not  confift  in  Condenfation,  nor  confequentiy  does 
Liquidnefs  confift  in  Rarefaction  ;  for  as  Water  is  dilated 
by  freezing,  fo  is  Ice  condenfed  by  thawing.  Having 
thus  fufficiently  confuted  an  Opinion  which  has  been  fo 
long  received,  and  not  thinking  it  worth  while,  to  fhow 
how  little  Foundation  there  is  for  other  Opinions  which 
have  been  received  only  by  a  few,  I  come  now  to  efta- 
blifh  my  own.  And  firft  I  examine  the  Appearances  of 


(t)  So  great  is  the  Force  of  free¬ 
ing  Water,  that  not  on!y  Bowls 
and  Glafs  Cups,  but  alfp  large  Vef- 
fels  of  Biafs  and  Silver  are  broken 
fey  it.  See  Expsrim.  Accad,  del  Cim. 
f.  72,. 


(2)  A  Dilatation  fenfible  enough  ) 
Yet  it  muft  not  be  diflembled,  that 
fometbing  may  pcfiibly  be  here  af- 
cribed  to  the  Contraction  of  the 
Glafs.  See  tbe  Notet  on  Chap.  23. 
Art,  j6, 

a  hard 
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a  hard  and  of  a  liquid  Body,  and  find,  that  the  one  con¬ 
tains  it  felf  within  its  proper  Bounds,  and  the  other  does 
not  :  And  becaufe  to  be  contained  within  its  proper 
Bounds,  is  the  fame  Thing  as  not  to  be  moved  ;  I  con¬ 
clude,  that  to  be  hard ,  is  to  be  compofed  of  Particles  which 
are  ( I )  fo  at  reft  among  themf elves ,  that  their  Connexion  and 
Order ,  is  not  dijturbed  by  any  Matter  that  moves  between 

them . 


(l)  So  at  reft  among  themfelvts ) 
Though  all  hard  Bodies  have  Parts 
in  feme  meafure  at  reft,  and  many 
liqu'd  Bodies  (' viz, .  fuch  as  are  made 
liquid  by  Heat)  are  manifeftly  veiy 
much  agitated  ;  yet  becaufe  fome¬ 
thing  more  than  the  bare  Reft  of  the 
Parts  feems  requifite  to  ccnftitute 
Hardnefs  j  (for  a  Heap  of  very  fmall 
Sand,  whofe  Particles  are  all  at  reft, 
is  not  a  haid  Body  j  )  and  becaufe 
Motion  does  not  feem  always  necef- 
fary  to  conftitute  a  liquid  Body,  (for 
fome  liquid  Bodies  are  very  cold  ; ) 
I  think  it  therefore  worth  while  to 
add  fomething  here,  to  explain  this 
Matter  more  fully. 

Firft  then,  Let  us  hear  what  the 
famous  Newton  fays,  concerning  that 
Force  by  which  the  piimary  and  na¬ 
tural  indivifible  Corpufcles  of  wh;ch 
the  Particles  of  all  Bodies  are  com¬ 
pofed,  are  connected  and  cohere  to¬ 
gether. 

Ibe  Parts  oft  all  bomogeneal  bard 
Bodies  which  ftully  touch  one  another , 
ftick  together  very  ftrongly .  And  ftor 
explaining  how  this  may  be,  fome 
hive  invented  hooked  Atoms,  which 
is  begging  the  Sgueftion  $  and  others 
tell  us,  that  Bodies  are  glued  together 
by  Reft,  that  is,  by  an  occult  Sguahty 
or  rather  by  Nothing  $  and  others 
that  they  ftick  together  by  confpiring 
Motions  :  I  had  rather  infer  from 
the  ir  Cohajion ,  that  their  Particles 
attradf  one  another  by  jome  Force 
which  in  immediate  ContraCt  is  ex¬ 
ceeding  ftrong,  at  fmall  diftances  per¬ 
forms  the  Cbymical  Operations  a- 
bovementioned,  and  reaches  not  far 
from  the  Particles  with  any  fenjible 
effeCt — Now  if  compound  Bodies  are 
ft  very  hard,  as  we  find fome  of  them 
to  be,  and  yet  are  very  porous,  and 
tonfft  of  Parts  which  are  only  laid 
together ,  the  Jimple  Particles  which 
Ure  void  of  Pores,  and  were  never  yet 
divided,  muft  be  much  harder .  For 
fucb  bard  Particles  being  heaped  up 
together,  can  fcarce  touch  one  another 
in  mere  tbpna  few  Points ,  and  there¬ 


fore  muft  be  feparable  by  much  left 
Force  than  is  requifite  to  break  a  ftlid 
Particle,  whofe  Parts  touch  in  all 
ttoe  Space  between  them,  without  any 
Pores  or  Interftices  to  weaken  their 
Cobafitn,  And  bow  fuch  very  bard 
Particles  which  are  only  laid  toge¬ 
ther,  and  touch  only  in  a  few  Points , 
can  ftick  together,  and  that  fo  firmly 
as  they  do,  without  the  Affiftance  of 
fomething  which  caufcs  them  to  be 
attracted  or  prejfed  towards  one  ano¬ 
ther,  is  very  difficult  to  conceive— 
Now  the fmallrft  Particles  of  Matter , 
may  cohere  by  the  ftrongeft  Attracti¬ 
ons,  and  compofe  bigger  Particles  of 
weaker  Virtue  $  and  many  of  tbefe 
may  cohere,  and  compofe  bigger  Par¬ 
ticles  whofe  Virtue  is  fti/l  weaker  : 
And  fo  on,  &c.  Opticks  Ibid,  p.364, 
37°*. 

It  is  evident  therefore,  that  the 
Particles  of  which  the  original  and 
fmalleft  Parts  of  Matter  are  compo¬ 
fed,  ft'ck  together  and  are  united, 
nut  by  Reft  (which  is  really  nothing 
at  all )  but  by  mutual  Attraction, 
(  See  the  Notes  above  on  Chap  xi. 
Art.  I  <5.  )  And  it  is  manifeft,  that 
all  Bodies,  and  ftlid  are  equally 
compounded  of  fuch  fort  of  Particles 
entirely  folid  and  perfectly  hard . 
But  that  which  is  next  to  be  enqui¬ 
red  into,  is,  what  the  Figure  and 
Compofttion  of  the  larger  Particles 
muft  be,  in  order  that  the  Bodies 
compofed  cf  them,  may  be  hard  or 
liquid. 

Secondly  therefore.  That  Bcdy, 
whofe  Particles  are  fo  fitted  to  each 
other,  as  to  touch  one  another  in 
large  Superficies's,  will,  by  the  very 
ftrong  mutual  Attiaflion  of  its  Parts, 
be  a  very  hard  Body  $  and  according 
as  thofe  Parts  afterwards  either  touch 
one  another  only,  or  are  moreover 
intangled  with  each  other,  will  the 
Body  be  more  or  lefs  brittle ,  and  ca¬ 
pable  of  being  made  liquid  by  Heat, 
with  more  or  lefs  difficulty  :  As 
Ice,  Wax ,  Glafs,  Metals,  Bones , 
Wood,  &c.  Thirdly, 
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them ,  Whence  it  follows,  that  a  Body  is  fo  much  the 
harder,  as  it  has  more  Parts  which  immediately  touch 
each  other  without  moving. 

10.  Wbat  io.  On  the  other  Hand  ;  becaufe,  not  to  contain  it 
*Jf  '^liquid  w^in  proper  Bounds,  is  the  fame  Thing  as  to 
j Body  con-  move  it  felf ;  and  becaufe  we  cannot  conceive  any  more 
fSi  m.  effectual  Caufe  of  that  Motion  which  we  fee  in  a  liquid 
Body,  than  the  Motion  of  its  infenfible  Parts ;  I  there¬ 
fore  conclude,  (i)  that  Liqui  dnefs  confifts  in  the  perpetual 
Agitation  of  the  infenfible  Parts  of  the  liquid  Body.  Thus, 
for  Example,  when  a  Glafs  full  of  Water  fet  upon  a 
F able  is  at  reft,  though  we  cannot  perceive  any  fenfible 


Thirdly,  That  Body  whofe  Parti¬ 
cles  touch  one  another  in  left  Super¬ 
ficies,  and  therefore  are  not  fo  bard , 
may  yet  be  more Jolid  ;  and  therefore 
Gold  is  heavier  than  a  Diamond, 
though  not  Jo  bard. 

Fourthly,  That  Body,  whofe  Par¬ 
ticles, when  they  are  compreflfed,  ap¬ 
proach  towards  each  other,  but  do  not 
flip  under  one  another,  is  an  elojlick 
Body,  and  returns  to  its  Figure,  by 
that  Force  which  arifes  from  the 
mutual  Attra£Hon  of  its  Parts. 

Fftbly ,  That  Body,  whofe  Par¬ 
ticles  Jlip  under  each  other,  is  a  fojt 
Body,  which  yields  to  the  Stroke  of 
a  Hammer. 

Sixthly,  That  Body,  whofe  Par¬ 
ticles  touch  one  another  in  very  fmail 
Superfetes ,  jc  a  crumbling  Body,  as 
Snow,  or  fuch  whofe  Parts  may  very 
rsfily  be  f'parated  ;  as  too  well po- 
hjhed  Mat  bits,  which  flick  together 
in  a  Vacuum,  but  are  pulled  al under 
by  the  lead  Shake. 

Seventhly ,  If  ihe  Parts  of  a  Body, 
either  do  not  touch  one  another  at  ail, 
ot  at  lead  will  very  eaflly  Jlip, and  are 
of  fuch  a  Bignefs,  as  to  be  eafily  agi¬ 
tated  by  Heat ;  and  the  Heat  be  de¬ 
ficient  to  agitate  them,  tho’  perhaps 
it  be  much  Jefs  than  is  required  to 
keep  Water  from  freezing  j  cr  if 
they  be  not  agitated  by  Motion,  but 
are  only  fmalj,  round,  dippery,  of 
fuch  a  Figure,  and  Bignefs,  as  make 
them  very  eafily  agitated  and  give 
way ;  that  is  a  fluid  Body.  And 
yet  the  Particles  of  fuch  fort  of  Bo¬ 
dies  which  are  mofl  fluid,  do  in 
fome  meafure  cohere  together;  as  is 
evident  from  hence,  that  ^uickjlver 
very  well  cleared  of  all  Air,  will 
dand  60  or  70  Inches  high  in  the 
Barometer  (as  was  laid  before].  And 


Water  will  rife  in  fmail  Tubes  open 
at  both  Ends  in  a  Vacuum.  And 
Drops  of  Liquors  hanging  upon  a 
hard  Body,  and  juft  ready  to  fall, 
will  gather  themfelves  into  round  Fi¬ 
gures  in  a  Vacuum  :  viz-  by  fuch  a 
mutual  Attraction  of  their  Particles* 
as  that  by  which  the  poltfhed  Mar- 
hies  dick  together.  Further,  Thefe 
fluid  Bodies,  if  they  have  Particles 
which  can  eafily  be  intangled  with 
one  another,  as  Oil,  or  fuch  as  may 
be  made  fliff  by  Cold,  and  faftned 
together,  as  if  they  had  Wedges  put 
between  them,  as  Water,  fuch  Bodies 
eafily  grow  hard.  But  if  they  have 
fuch  fort  of  Particles,  as  can  neither 
be  intangled  with  each  other,as  Air , 
nor  made  ftift'  by  Cold,  as  Iguick- 
fiver ,  then  they  cannot  by  any 
means  be  made  to  congeal, 

Eigbtbly,  If  the  Parts  of  a  Body 
be  very  fmail,  fpherical,  and  exceed¬ 
ing  denfe,  fuch  a  Body  may  alfo  be 
fluid,  and  yet  be  much  heavier,  than 
harder  Bodies,  whofe  Particles  are 
not  fo  folid,  but  which  touch  one 
another  in  larger  Superficies. 

Ninthly,  Thofe  Bcdies,  whofe 
Particles  are  agitated  with  a  very 
quick  Motion  all  ways,  whatever  the 
Figure  of  them  be,  will  be  liqu;d, 
as  Metals  that  are  melted ,  &c.  But 
fuch  Bodies  grow  hard,  as  foon  as 
that  violent  Motion  ceafes. 

Laflly,  Thofe  Bodies,  fome  of 
whofe  Particles  are  intangled  with 
each  other,  fome  of  which  touch  one 
another  in  large  Superficies,andfome 
are  loofe,  and  will  eafily  flip  under 
each  other,  thefe  are  flexile  as  Lea- 
tber,  or  very  pliant  as  Twigs,  Glue , 
Pitch ,  See. 

(l)  That  Liquidnejs  conffls )  See 
the  Notes  on  the  foregoing  Artie. 

Agitation 

\ 
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Agitation  in  it,  yet  notwithftanding,  fome  of  its  Parts 
are  in  Motion  downwards,  and  at  the  fame  time  others- 
of  them  are  in  Motion  upwards,  fome  of  them  move 
from  the  Right  to  the  Left,  and  others  from  the  Left  to 
the  Right  ;  in  a  Word,  there  are  fome  Parts  of  the 
Water  which  move  in  all  manner  of  Determinations  ; 
whence  it  follows,  that  That  Body  is  the  moft  liquid, 
whofe  infenfible  Parts  are  the  fmalleft,  and  the  molt 
agitated. 

ii.  If  what  I  have  now  faid  of  Liquidnefs,  be  joined  ”•  Wbat 
to  what  was  before  faid  concerning  Hardnefs,  we  fhall  [j 
eafily  conceive  that  a  foft  Body,  which  feems  to  be  of  a  Body  con - 
middle  Nature  betwixt  a  hard  and  a  liquid  Body,  and  to  fifi1 
partake  of  them  both,  is  therefore  foft,  becaufe  it  is  com- 
pofed  of  two  Sorts  of  Parts,  the  one  in  fome  meafure  at 
reft ,  and  connected  with  each  other,  while  the  other  are 
in  Motion ,  and  thereby  caufe  fome  fmall  Agitation  in  the 
former. 


12.  Now  that  which  confirms  me  in  my  Opinion  con¬ 
cerning  the  Nature  of  hard  and  liquid  Bodies,  is,  that  the 
chief  Properties  of  them  are  neceflarily  deduced  from 
thence.  And  Firft,  Suppofe  the  Nature  of  a  hard  Body 
to  confift  in  what  I  have  faid,  it  follows  from  thence, 
that  it  muft  be  with  difficulty  divided :  For,  for  Inftance, 
if  I  put  my  Finger  to  any  of  its  Parts,  I  ought  to  feel 
the  Refiftance,  not  only  of  thofe  Parts  which  I  touch, 
but  alfo  of  all  thofe  Parts  which  are  behind  them  ;  and 
many  times  it  is  much  eafier  to  move  the  whole  hard  Bo¬ 
dy,  than  to  feparate  one  Part  from  it,  becaufe  the  reft  of 
the  Body  has  a  ftronger  Connection  with,  and  is  more  at 
reft,  with  refpeCt  to  this  Part,  than  the  neighbouring 
Bodies  have  with  the  whole  Body. 

13.  On  the  contrary,  fuppofe  the  Nature  of  a  liquid 
Body  to  confift  in  what  I  have  faid,  it  follows  from  thence 
that  a  Liquid  muft  be  very  eafily  divided.  And  indeed  if 
I  put  my  Finger  to  it  any  way,  it  meets  with  no  Re¬ 
finance  ;  for  thofe  few  infenfible  Parts  which  my  Finger 
touch,  being  in  Motion  already,  are  very  ready  to  quit 
their  Place  ;  neither  are  they  fupported,  or  hindred  by 
the  Refiftance  of  thofe  which  are  beyond,  which  are  alfo 
in  continual  Motion,  and  therefore  eafily  yield  to  them, 
and  open  a  Paftage  for  them  all  ways. 

14.  What  I  have  advanced  concerning  the  Nature  of 
a  hard  and  of  aliquid  Body,  is  ftill  further  confirmed  from 
hence,  that  all  the  Confequences  that  can  be  drawn  from 
it,  help  to  explain  fome  Experiment,  which  perhaps  it 

would 
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would  be  impoffible  to  explain  without  it.  And  firft,  if 
we  confider  that  fome  Bodies  are  ealily  altered,  only  by 
difturbing  the  Order  of  their  Parts,  and  that  every  Thing 
endeavours  as  much  as  it  can  to  continue  in  that  State  in 
which  it  is,  and  confequently  that  which  is  once  at  reft, 
will  never  begin  of  it  felf  to  move  ;  it  will  not  be  diffi¬ 
cult  to  find  out  a  very  eafy  way  to  preferve  a  hard  Body 
a  very  long  time ,  viz.  by  inclofing  it  in  another  hard  Body  ; 
Whole  Parts  being  at  reft  among  themfelves,  can  make 
no  Impreftion  upon  it,  and  are  moreover  a  Guard  upon 
it,  againft  the  Aftault  of  any  external  Caufes  which  might 
tend  to  corrupt  it.  And  thus  we  fee  that  Salt,  Sugar, 
and  Metals,  are  preferved  by  being  thus  inclofed  in  hard 
Bodies. 

15.  On  the  other  hand,  it  is  eafy  to  forefee,  that  the 
contrary  ought  to  happen,  if  hard  Bodies  be  put  into  Li¬ 
quids:  For  the  Parts  of  Liquors  being  (1)  in  continual 
Agitation,  they  may  eafily  fo Jhake  and  move  the  Parts  of 
hard  Bodies,  as  to  force  them  out  of  their  Places,  and 
carry  them  along  with  them.  And  thus  we  find  it  by 
Experience,  in  all  hard  Bodies  that  can  be  altered,  as  in 
Sugar  and  Salts,  which  are  diftipated  and  fink  to  the 
Bottom  of  the  W ater  almoft  in  a  Moment  ;  infomuch, 
that  if  we  throw  a  Pound  of  Sugar  into  a  great  Tub  of 
Water,  it  will  intirely  difappear  in  a  fhort  time  ;  and  the 
Parts  of  it,  (2)  will  alfo  be  fo  diftipated,  and  fpread  a- 
mongft  all  the  Drops  of  Water,  that  there  will  not  be 
one  of  them  but  what  is  impregnated  with  it. 

16.  And  fince  hard  Bodies  may  be  compofed  of  Parts 
of  different  BigneJJes,  as  well  as  liquid  Bodies,  it  is  eafy  to 
conceive,  that  there  may  be  fuch  a  Liquor  as  will  car- 


(1)  In  continual  Agitation}  Sec 
the  Notes  upon  Art.  9. 

(a)  Will  alfo  be  diffipated)  The 
iJluftrious  Newton  thus  exprefTes 
himfelf  upon  this  Subject  in  his 
Opticks,  p  362.  If  a  very  fmall 
Sguantity  cf  any  Balt  cr  Vitriol  be 
dijfolved  in  a  great  Quantity  of  Wa¬ 
ter  •  the  Particles  of  the  Salt  or 
Vitriol  will  not  Jink  to  the  Bottom , 
though  they  be  heavier  in  Specie  than 
the  Watery  but  will  evenly  dijfufe 
tbcmfelvet  into  all  the  Water ,  fo  as 
to  make  it  as  faline  at  the  Lop  as  at 
the  Bottom.  And  does  not  this  imply , 
that  the  Parts  of  the  Salt  or  Vi¬ 
triol  recede  from  one  another,  and 
endeavour  to  expand  tbemfelvei ,  and 


get  as  far  af under,  at  the  Quantity 
of  Water  in  which  they  float,  will 
allow  f  And  does  not  this  Endeavour 
imply,  that  they  have  a  repulflve 
Force  by  which  they  fly  from  one  ano¬ 
ther,  or  at  teaft ,  that  they  attraSl 
the  W ater  (  See  the  Notes  on  Chap, 
xi. )  more  ftrongly  than  they  do  one 
another  ?  For  all  Things  afeend  in 
Water ,  which  are  lefs  attracted  than 
Water  by  the  gravitating  Power  of 
the  Earth  $  fo  all  the  Particles  of 
Salt  which  float  in  Water ,  and  are 
lefs  attr ailed  than  Wetter  by  any  one 
Particle  of  Salt,  mufl  recede  from 
that  Particle,  and  give  way  to  the 
more  attrafted  Water , 


ry 
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ry  away  with  it  only  fome  certain  Parts  of  a  hard  Body , 
and  that  others  will  not  be  dlfplaced  by  it.  Thus  Water  will 
only  wafti  off  the  fineft  Parts  of  Liquorifh,  and  leave  the 
groffer  ones  at  reft  with  each  other. 

17.  It  may  alfo  fo  happen  in  hard  Bodies ,  that  the  Parts  ,7.  of  tbe 
of  them  which  are  pretty  near  equal ,  may  yet  be  fo  folid  ;  dijjolving 
and  on  the  contrary,  all  the  Parts  of  a  certain  Liquor 

may  be  fo  fmallr  that  the  Parts  of  the  hard  Body  will  q 
not  be  at  all  moved  by  them,  as  they  would  be  by  the 
groffer  Parts  of  another  Liquor ;  which  doubtlefs  is  the 
Reafon  why  common  Water ,  will  not  diffolve  Silver ,  and 
why  Aqua  Fortis ,  which  the  Chymi/ls  call  Spirit  of  Nitre ; 

( 1 )  will  eafily  diffolve  but  is  too  weak  to  diffolve  Gold. 

18.  However,  it  is  not  only  the  Groffnefs  of  the  Parts  18.  Why 
of  any  Liquid,  which  renders  it  capable  of  feparating  the 

Parts  of  a  hard  Body  ;  the  Pores  which  are  between  the  f^e  Silver, 

Parts  of  a  hard  Body,  do  alfo  contribute  towards  it :  For 

they  may  be  of  fuch  a  Figure,  and  alfo  fo  fmall,  that  the 

Parts  of  the  Liquid  cannot  penetrate  them  ;  from  whence 

we  may  conclude,  that  the  Parts  of  the  Salts  of  which 

Aqua  regia  is  made,  are  put  together  in  fuch  a  manner, 

as  to  compofe  Bodies  (2)  too  grofs  to  enter  the  Pores  of 

Silver,  and  fo  only  Hiding  by  them,  they  can  neither  go 

in,  nor  divide  the  Parts  :  Wherefore  it  is  not  to  be  won- 

dred  at,  if  this  Water  will  not  diffolve  Silver ,  though  it 

diffolves  Gold, 

19.  It. 


(1)  Will  eafily  diffolve  it)  Con¬ 
cerning  the  diflolving  of  Metals  the 
fame  celebrated  Perlon  fays  thuc. 
When  Aqua  Fords ,  or  Spirit  of 
Vitriol  poured  upon  Filing»  of  Iron , 
dijjolves  the  Filings  with  a  great 
Heat  and  Ebullition ,  is  not  tb  s  Heat 
and  Ebullition  ejfefted  by  a  violent 
Motion  of  tbe  Parts ,  and  does  not 
that  Motion  argue ,  that  the  acid 
Parts  of  tbe  Liquor  rufio  towards  the 
Parts  of  the  Metal  with  violence,  and 
run  forcibly  into  its  Pores,  till  they 
get  between  its  utmojl  Particles,  and 
tbe  main  Mafs  of  the  Metal,  and 
furrounding  tbofe  Particles  ,  loofen 
them  from  the  main  Mafs  and  fet 
them  at  liberty  to  Jioat  off  into  the 
Water  ?  And  when  tbe  acid  Par¬ 
ticles,  which  alone  would  difiil  with 
an  eafy  Heat,  will  not  feparate  from 
the  Particles  of  the  Metals ,  witoout 
a  very  violent  Heat,  does  not  this  con  ■ 
firm  the  AttraElion  between  them  ? 

Opticks,  p.  352.  Now  this  fame 


Aqua  fortis  wh'ch  eafily  diiTolves 
Iron  or  Silver,  will  not  d  ifolve  Gold 
at  ail ;  the  Reafon  of  which  is,  be- 
caufe  its  Particles,  which  are  more 
ftvongly  attracted  by  the  Particles  of 
It  on  or  Silver  than  by  one  another, 
are  on  the  other  hand  more  ftrongiy 
attracted  by  one  another  than  by  the 
Particles  of  Gold.  The  contrary  to 
which  we  are  to  underftand  of  that 
Force  by  which  Gold  is  diflolved  in 
Aqua  regia . 

(2)  " loo  grofs  to  enter)  Mr.  Clerc 
in  his  Pbyficks ,  Book  II.  Chap.  \y. 
Sell.  24.  contends  on  the  contrary, 
that  tbe  Parts  of  Aqua  regia,  are 
Jharper  and  f mailer  than  tbofe  of 
Aqua  fortis,  and  therefore  can  enter 
tbe  very  fmall  Pores  of  Gold  only ,  and 
feparate  its  Parts,  which  like  Wedget 
they  drive  from  or.e  another ,  wbilfi 
tbe  groffer  ones  move  about  tbe  Su¬ 
perficies  of  tbe  Gold  to  no  purpofet 
they  not  being  able  to  diffolve  the  con  . 
tinuity  of  it  j  betaufe  they  cannot  en¬ 
ter 
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3>o.  Why  the 
Parti  of  ma¬ 
ny  Bodies 
•which  are 
heavier  than 
JVatery  do 
not  fnk  in 
it. 


19.  It  is  from  the  Confideration  of  the  different  Pro¬ 
perties  of  the  feveral  Sorts  of  Aqua  forth ,  that  the  Refi¬ 
ners  of  Gold  have  lately  found  out  a  way  of  feparating 
Gold  from  Silver  mixed  with  it :  T he  whole  Secret  of  which 
confifis  in  putting  the  Mafs  compofed  of  Gold  and  Sil¬ 
ver  into  Aqua  fortis ,  which  will  diffolve  the  Silver  only ; 
for  then  its  Parts  will  be  brought  out  by  thofe  of  the 
Liquid,  till  the  pure  Gold  will  remain  like  Sand  or  Dregs 
at  the  Bottom  of  the  Veffel ;  fo  that  by  inclining  it  gent¬ 
ly,  and  pouring  the  Aqua  fortis  into  another  Veffel,  it 
will  carry  the  Silver  along  with  it,  and  leave  the  Gold 
at  the  Bottom  :  After  this,  they  feparate  the  Silver  from 
the  Aqua  fortis  in  the  following  manner  ;  they  put  a 
Quantity  of  common  Water  to  the  Aqua  fortis ,  to  make 
it  lefs  corrofive,  and  then  put  in  a  Piece  of  Copper,  againft 
which  the  Particles  of  Silver  brought  out  by  the  Liquid 
ftriking,  they  are  flopped  by  it ;  in  the  fame  manner  as 
Duff  flying  about  the  Room  is  flopped  by  the  Hangings 
or  any  other  Furniture  which  is  foft,  or  as  a  Stone  flicks, 
when  it  is  call  into  a  Mortar.  The  Gold  and  the  Silver 
being  thus  feparated  from  one  another  in  Duff,  may  each 
of  them  be  melted  in  a  Crucible,  and  then  made  diflindt 
Maffes  of. 

20.  It  may  here  be  asked,  why  the  fmall  Particles  of 
Salts  and  Metals,  fwim  thus  in  all  the  Parts  of  common 
Water  or  Aqua  fortis  indifferently,  and  whence  it  is,  that 
they  do  not  fink  to  the  Bottom  of  the  Veffels  ?  For  this 


ter  its  Pores •  And  again,  Se£L  28. 
He  fays,  That  from  the  Mixture  of 
many  Salts,  the  Parti  of  the  Aqua 
regia  become  / 'mailer ,  and  more  fitted 
to  enter  the  fmalleft  Pores ,  and  fepa¬ 
rate  the  fmalleji  Parts ,  between  which 
they  are  driven  like  Wedges ,  by  the 
Motion  of  the  Liquid  in  which  they 
fwim  j  but  when  they  enter  into  wider 
Pores,  they  have  no  Effebl ;  in  the 
fame  manner  as  the  Force  oj  Wedges 
to  Jeparate  Things  joined  together ,  it 
nothing  unlefs  they  be  driven  into 
freight  Fifjuret.  Since  therefore  the 
Pores  of  Gold  are  the  fmaUell  of  any 
Metal ,  they' will  admit  the  Parti¬ 
cles  of  Aqua  regia  only,  and  tbegrof- 
fer  Parts  of  Aqua  forti9  cannot  enter 
into  them.  Now  the  fame  Parts  of 
Aqua  regia  are  too  fubtle  to  have 
Strength  enough  to  remove  the  Sides 
cf  the  Pores  of  other  Metals  $for 
they  want  the  gr offer  Parts  of  Aqua 
fortis  which  fill  and  divide  the  larger 

Poret,  Thus  far  he  j  but  what  hs 


fays,  he  does  not  confirm  by  any 
Arguments  or  Realbns,  unlefs  it  be 
this,  that  Silver  feems  to  have  larger 
Pores  thanGold,becaufe  it  is  lighter  j 
but  from  the  known  Properties  of 
Silver,  itshardnefs,  fmoothnefs,  ©V. 
we  may  with  much  greater  Proba¬ 
bility  collect,  that  it  confifts  of  fmal- 
ler  Particles,  and  therefore  has  fmal- 
ler  Pores,  though  more  of  them  3 
But  thatGold  on  the  con¬ 
trary,  confifts  of  *  lar-  #  See  Part 
ger  Particles  or  Lumps,  Ill.  Chap, 
and  lo  has  larger  Pores,  vi.Art  13* 
but  much  fewer.  And 
as  to  the  Nature  of  the  Liquids,  I 
Ihould  think,  that  the  Parts  of  the 
Aqua  regia ,  would  become  not 
fmaller,  but  larger  by  the  Mixture 
of  many  Salts.  But  all  this  depends, 
as  was  faid  before,  not  fo  much  up¬ 
on  the  Bignefs  and  Figure  of  the 
Pores,  as  upon  the  different  Attracti¬ 
on  of  the  Parts. 

fhould 


Chap.  22.  of  Natural  Philosophy. 

fhould  feem  to  follow  from  what  was  before  demonftra- 
ted  concerning  hard  Bodies  fwimming  in  Liquids,  becaufe 
every  Particle  of  Salt  or  Metal  is  heavier  than  an  equal 
Mafs  of  the  Liquid  in  which  it  fwims.  However,  it  is 
to  be  obferved,  that  when  we  reafoned  in  that  manner, 
we  confidered  only  the  Gravity  of  the  hard  Body ,  and  the 
■eafinefs  of  the  Liquid  to  be  divided ;  we  did  not  then  know 
of  the  ( i)  Motion  of  the  Particles  of  the  Liquid ,  by  which 
they  carry  up  with  them  as  many  Particles  of  Salt  or  Me¬ 
tal,  as  would  defcend  by  their  own  Weight ;  in  the  fame 
manner  as  the  Bubbling  up  of  new  Wine,  makes  other 
Bodies  which  are  heavier,  fwim,  and  not  fink  to  the  Bot¬ 
tom  of  the  T ub  ;  where  we  fee  that  they  do  at  laft  fub- 
fide  and  compofe  the  Lees,  when  this  Motion,  which  is 
greater  than  the  ordinary  Motion  of  the  Liquid,  ceafes. 
To  which  may  be  added,  that  the  Particles  of  the  dif- 
folved  Body  are  in  fome  meafure  intangled  with  thofe  of 
the  Liquid,  which  they  go  along  with  ;  which  {hows  us 
more  particularly  that  this  hinders  them  from  being  able 
to  fink. 

21.  And  that  which  is  remarkable  here,  is,  that  as  the 
Particles  of  the  Liquid  are  finite,  and  the  Force  by 
which  they  are  agitated  is  limited ;  it  mud  neceflarily  fol¬ 
low,  that  when  they  have  once  laid  hold  of  as  many  Par¬ 
ticles  as  they  can  contain,  they  cannot  after  that  feparate 
any  more,  nor  overcome  the  Refiftance  of  the  remaining 
Particles  which  are  at  reft  ;  wherefore  the  hard  Body  will 
be  no  farther  diflolved.  And  thus  we  find  by  Experi¬ 
ence,  in  common  W ater  and  Aqua  fortis ,  that  they  will 
difl'olve  but  a  certain  determinate  Quantity  of  Salts  or 
Metals.  Thus,  for  Example,  if,  after  a  Pint  of  common 
Water  has  diflolved  a  certain  Quantity  of  Salt,  one  Grain 
only  be  put  in,  it  will  continue  whole  in  the  Water,  as 
it  would  do  in  a  dry  Place. 

22.  And  from  hence  it  follows,  that  if  after  a  Liquid 
has  feparated  all  that  it  can  from  a  hard  Body,  it  be  eva¬ 
porated  to  a  certain  Quantity  \  that  which  remains  will 
not  be  able  to  contain  all  the  Particles  of  the  diflolved 
Body,  wherefore  many  of  them  will  be  forced  to  unite 
together,  and  to  compofe  fomething  fenfible :  And  thus 
it  is,  that  if  Water  be  boiled,  having  firft  been  {train¬ 
ed  like  ‘Lye,  through  Earth  charged  with  Nitre  as 
much  as  it  can  be,  and  then  taken  off  from  the  Fire, 
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{\)  The  Motion  of  Particles)  Not  by  their  Motion,  but  by  their  Attrafln 
on«  Stt  aotve  w  Art,  1 5, 
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made* 
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and  permitted  to  fettle  a  little,  a  great  many  Particles  of 
the  Salt-peter  which  are  difingaged  from  the  Particles  of 
the  Water,  will  •  ceafe  to  move,  and  ftriking  many  of 
them  together  againft  the  Concave  Sides  of  the  Veflel, 
will  at  laft  compofe  (1)  thofe  curious  Bodies  in  the  Form 
of  Hexagons,  which  we  fee  flick  there.  And  in  the  fame 
manner  we  may  apprehend,  how  all  the  other  Chrijlali- 
zations  of  the  Chymlfts  are  made. 

23.  Though  a  certain  Quantity  of  any  Liquid r,  will  dif- 
folve  but  a  determinate  Quantity  of  a  certain  hard  Body , 
yet  this  does  not  hinder,  but  that  other  hard  Bodies  may 
be  diflolved  by  the  fame  Liquid ;  becaufe  their  Particles 
may  be  of  fuch  a  Figure,  as  to  fuit  with  the  Particles  of 
the  Body  already  diflolved,  in  fuch  a  manner,  as  may  oc- 
cafion  more  diflimilar  Particles,  to  move  with  greater 
Eafe,  than  the  fimilar  Ones  could  move.  And  thus  Ex¬ 
perience  {hows  us,  that  after  Water  has  diflolved  as  much 
Salt  as  it  can,  it  will  yet  diflblve  a  fmall  Quantity  of  Vi¬ 
triol  or  Alum. 

24.  If  a  Body  be  put  into  a  Liquor,  to  whofe  Parti¬ 
cles  it  will  more  eafily  unite  itfelf,  than  to  thofe  of  ano¬ 
ther  Body  which  it  had  before  diflolved  5  and  fuppoflng  alfo 
that  it  cannot  comprehend  thefe  two  Sorts  of  Particles 
together  (2)  it  muft  be  forced  to  let  go  the  Particles  which 
it  had  before  embraced,  which  will  confequently  fubfide 
to  the  Bottom  of  the  Veflel,  Thus  if  a  little  of  that  dif- 
folved  Salt,  which  Chymifts  call  Oil  of  Tartar ,  be  poured 
upon  Aqua  fortis  which  before  had  diflolved  Silver,  the 
Metal  will  be  forced  to  fubfide  to  the  Bottom  of  the 
Veflel.  And  this  Inftance  {hows  us  the  Reafon  of  all  the 
Precipitates  of  the  Chymijls. 


(1)  Thofe  curious  Bodies )  Concern¬ 
ing  which  the  admirable  Perfon  be- 
lore  cited,  fays  thus.  When  any  faline 
Liquor  it  evaporated  to  a  Cuticle y  and 
let  cool ,  the  Salt  concretes  into  regular 
Figures  $  which  argues ,  that  the  Par¬ 
ticles  of  the  Salt  before  they  concreted , 
floated  in  the  Liquor  at  equal  Diftan- 
ces  in  Rank  and  Filet  and  by  Con- 
fequence,  that  they  ailed  upon  one  a- 
notber  by  fome  Power ,  which  at  equal 
Diflances  is  equal ,  at  unequal  Dijt an¬ 
tes  unequal.  For  by  fuch  a  Power 
they  will  range  tbemfe/ves  uniformly , 
and  without  it,  they  will  float  irre¬ 
gularly ,  and  come  together  irregularly  * 
Qpticks,  p.  363, 


(2)  It  muft  be  forced  to  let  go)  If 
fuch  a  Body  be  put  into  fuch  a  Sort 
of  Liquor,  that  the  Particles  of  the 
Liquor  will  be  more  ftrongly  at¬ 
tracted  by  the  Particles  of  this  Body, 
than  by  the  Particles  of  that  Body 
which  was  diflolved  in  it  before,  the 
Particles  of  the  Liquor  being  by  this 
ftronger  Attraction  removed  from 
the  firft  Body  to  this  other,  will  fuf- 
fer  the  Particles  of  the  firft  Bcdy  to 
fmlc  to  the  Bottom,  in  the  fame 
manner  as  Iron  is  feparated  from  a 
Loadftone,  by  putting  a  ftronger 
Lgadftone  to  it. 


* 


* 


25,  We 


w 
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25.  We  muft  not  here  omit  another  Circumftance  ^  ^ 

very  confiderable,  and  that  is,  that  the  Particles  of  two  mi'xej  \0_ 
Liquors  may  be  of  fuch  a  Bignefs  and  Figure,  as  to  in-  gether,  may 
tangle  one  another  when  they  meet  together,  and  fo  move 

with  more  difficulty  j  whence  it  follows,  that  they  will 
compofe  One  Body  which  is  not  fo  liquid :  So  lixewife,  if 
the  Particles  of  the  two  Liquors  adjuft  themfelves  to  each 
other,  fo  that  the  greateft  Part  of  them  are  hindred  from 
moving,  then  all  the  Particles  together  will  form  a  Body 
pretty  hard.  Thus  we  fee,  that  if  an  equal  Quantity  or 
Spirits  of  Wine  and  Spirits  of  Urine,  each  of  which  Li¬ 
quors  are  very  fluid*  be  mixed  together,  they  will  unite 
into  a  pretty  hard  Body. 

26.  We  may  add  to  what  has  been  faid  about  the  Mix-  7 ffffff 
tureof  different  Liquors, that  there  may  be  found  0^, which  may  arjgeyout 
is  compofed  of  fuch  fort  of  Particles,  that  fome  of  tnem  cf  a  liquid 
being  much  larger  than  others,  they  cannot  continue  their  oni  cm >• 
Motion,  but  by  means  of  the  fmaller  ones  3  lo  that  if 

thefe  be  any  way  difingaged,  the  Weight  of  the  other 
alone,  or  the  Irregularity  of  their  Figure,  will  make  them 
continue  at  reft  with  each  ether,  and  according  as  they 
are  more  or  lefs  clofely  united  together,  they  will  compofe 
a  Body more  or  lefs  hard :  And  this  is  the  Reafon  why  fome 
of  the  Particles  of  Milk  or  Blood  curdle,  while  otneis 
which  are  more  proper  to  continue  their  Motion,  being 
difingaged  from  thefe,  compofe  a  Serum ,  which  remains 
liquid.  And  this  is  alfo  the  Reafon  why,  in  fubterraneous 
Caves,  which  they  call  dropping  Caves ^  certain  liquid  Drops 
which  diftill  from  the  Roofs  harden  into  Stone,  after  they 

have  been  a  little  while  in  the  open  Air.  <  .  fifth' 

27.  Having  fufficiently  fhown  by  thefe  Experiments, 

that  the  Particles  of  liquid  Bodies  are  in  continual  Agita-  Liquidnefs, 
tion,  we  are  to  enquire  next,  what  the  efficient  Caufe  of 
this  Motion  is,  firft,  in  Water  and  other  fuch  like  Li¬ 
quids,  which  feldom  grow  hard,  but  more  particularly 
in  Air,  which  never  hardens,  but  always  remains  li¬ 
quid.  Wherefore  in  the  firft  Place  it  is  reasonable  to  ^ 
think,  that  the  *  Figures  of  the  Particles  of  Liquids  are  their  FfgUlre3 
not  altered,  fo  long  as  we  cannot  perceive  any  kind  of  Ai-  were  Conti- 
teration  in  them  :  But  further,  becaufe  they  cannot  move 
with  regard  to  each  other,  as  they  ought  to  do,  to  com-  ebr*  no 
pofe  a  Liquid,  without  leaving  a  great  many  Interfaces  need  0f fubtii 
round  them  3  which  there  being  (1)  no  Reafon  to  think 
empty,  they  muft  necefiarily  be  furrounded  by  fome  Mat-  lntc^iceSa 


(i )  No  reafon  to  think  empty)  See  the  Notes  on  Chap,  viii*  Art.  2» 
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ter  which  is  very  fubtle,  fuch  as  that  which  we  before 
called  the  Firft  or  Second  Element.  And  as  the  Particles 
of  hard  Bodies  diflblved  in  any  Liquid,  are  kept  in  Mo¬ 
tion  by  the  Particles  of  this  Liquid ;  fo  we  ought  to  think, 
that  the  Particles  of  Water,  and  of  all  Bodies  which  do 
not  congeal,  but  always  remain  liquid,  are  in  perpetual 
Agitation,  becaufe  they  fwim  in  the  Matter  of  the  Firjl 
and  Second  Element . 
zZ.HowLi-  28.  If  this  Matter  be  very  much  agitated,  it  is  eafy  to 
fuon  are  e-  conceiVe9  that  it  may  move  the  Particles  of  the  Liquid 
vaporate  .  a  manner?  as  t0  diflipate  them  from  each  other, 

and  make  them  fly  into  the  Air,  and  this  is  called  Eva¬ 


poration.  1 

29.  How  29.  On  the  other  hand,  if  this  Motion  be  very  faint,  or 
if  it  be  more  than  ordinarily  fubtil,  it  will  follow,  that 
it  will  not  be  capable  of  preferving  the  Liquidnefs  of  fome 
grofler  Bodies  ;  in  the  fame  manner  as  we  fee  the  Water 
running  amongft  Bulrufhes,  keeps  them  in  Motion,  and 
diftindl  from  each  other,  whereas  in  the  Air,  they  are 
confufed  and  mixed  together,  without  any  Motion;  (1) 
and  thus  the  Water  is  frozen  in  Winter,  and  turned  into 
Ice.  But  we  cannot  fhow  a  Reafon  why  this  happens  at  one 
Time  of  the  Year,  rather  than  at  another,  till  we  come 
to  know  fomething  more  of  the  Syftem  of  the  World. 

30  Why  30.  If  the  Difpofition  of  the  Particles  of  a  Body  be 
jomt  Bodies  fucj-,5  as  t0  ]eave  Pores  between  them  large  enough  to  re- 

gbtfor!°ibey  ceive  the  grofler  Matter  of  the  Firft  and  Second  Elements, 
become  li -  this  Matter  may  fhake  the  Particles  a  little,  before  it  quite 
Vutd'  feparates  them,  and  moves  them  from  each  other,  and 
confequently  the  Body  ought  to  grow  foft ,  before  it  becomes 
liquid ,  as  we  fee  Wax  does. 

31.  Why  0-  31.  But  if  the  Pores  of  a  hard  Body  are  fo  fmall,  that 

'bJ'omUuid  onty  t^ie  m0^  *ubtil  Matter  of  all  can  pafs  through  them, 
in  this  Cafe,  that  which  is  more  grofs,  and  which  is  alone 
growing  foft.  able  to  lhake  thofe  Particles  which  make  the  leaft  Re- 
fiftance  to  it,  can  only  apply  it  felf  to  the  Superficies  of 
the  Body  ;  whence  it  follows,  that  it  will  have  diflblved 


( 1 )  And  thus  the  Water)  Since  nei¬ 
ther  the  Force  it  freezes  with,  is 
always  proportion’d  to  the  Cold,*but 
feems  to  have  fome  Dependance  up¬ 
on  other  Changes  in  the  Heavens  ; 
nor  is  the  Cold,  unlefs  fo  far  as  it  is 
merely  comparative  [See  the  Notet 
on  Chap,  xxiii.  Art.  54-)  owing  to 
the  Particles  being  at  Reft  ;  nor  can 
Hardncfs  it  felf  ( See  the  Notes  on 


Art.  9.  of  this  Chap.)  arife  from  the 
mere  Reft  of  the  Particles :  Con¬ 
gealing  muft  neceffari  y  be  afcribed 
either  to  nitrous  Particles  ;  or  to  the 
Particles  of  fome  other  Salts,  which 
like  Wedges  fixed  between  the  Par¬ 
ticles  of  Water,  join  them  together 
and  make  them  cohere :  However 
there  is  hitherto  nothing  certain  found 
out  concerning  thefe  Particles» 


all 
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all  the  external  Parts  of  £he  Body,  before  it  makes  any 
Alteration  within  it.  And  fo  fuck  a  Body  will  be  entire¬ 
ly  diffblved  without  being  made  foft ,  as  we  we  find  Ice 
does  *. 

32.  It  is  not  at  all  furprizing,  that  Water,  which  is  li- 
quid,  ftiould  foften  a  great  many  hard  Bodies  which  it  pe-  dens"piaftr 
netrates  and  diflolves,  and  that,  when  it  is  mixed  with  of  Paris . 
Plaifter  of  Paris,  for  Example,  there  fhould  arife  a  Com- 
pofition  pretty  liquid  :  But  it  is  very  furprizing,  that  af¬ 
terwards  it  fhould  acquire  a  Hardnefs  which  it  would  ne¬ 
ver  have  had  without  mixing  Water  with  it,  which  one 
would  think,  fhould  rather  help  to  foften,  than  to  harden  it. 

Nor  can  we  think,  that  this  arifes  from  a  fudden  Evapo¬ 
ration  of  the  Parts  of  the  Water  j  for  if  it  be  weighed 
when  it  is  liquid,  and  weighed  again  when  it  is  grown  hard, 
we  cannot  perceive  that  it  has  loft  any  of  its  Weight.  My 
Opinion  concerning  the  Matter  is  this ;  that  the  Fire  has 
formed  a  great  many  Pores  in  the  Plaifter,  of  fuch  a  Big- 
nefs,  as  the  grofler  Particles  of  the  Air  cannot  penetrate, 
becaufe  they  are  not  folid  enough  to  remove  the  Obfta- 
cles  they  meet  with,  which  the  Particles  of  the  Water, 
which  are  more  folid  and  penetrating,  are  able  to  do. 
Wherefore,  when  the  Plaifter  is  moiftned  with,  or  put 
into  fuch  a  Quantity  of  Water  only,  as  is  fufficient  to 
furround  every  Grain  or  Lump  of  it ;  and  after  that  they 
come  to  be  ftirred  up  together,  then  the  Particles  of  the 
Water  which  force  themfelves  into  the  Pores,  like  fo 
many  fmall  Wedges  opening  and  fplitting  them,  divide 
thefe  Grains  into  ftill  fmaller  Parcels.  And  becaufe  thefe 


Parcels  have  a  larger  Surface  than  the  Grains  had  before, 
of  which  they  are  but  the  Duft,  it  is  more  than  the  Wa¬ 
ter  is  able  to  furround.  Infomuch,  that,  the  greateft  part 
of  them  touching  one  another  clofe,  and  continuing  at 
reft,  it  is  no  wonder  (1)  if  they  compofe  a  hard  Body. 

Vo  l.  I.  K  2  33.  From 


*  The  true  Caufe  why  fome  Bo¬ 
dies  grow  foft  before  they  melt,  and 
ethers  not,  feems  to  be  this  j  that 
th  f;  Bodies  which  grow  foft,  are 
competed  of  difiimilar  Parts,  fome 
of  which  melt  fooner  than  thofe  they 
are  mixed  with. 

( 1 )  If  they  compofe  a  hard  Body) 
Mr.Le  Clerc  attacks  our  Author  here 
with  threeArguments  in  his  Phyfcks, 
Book  V.  Chap.  xiv.  SeSi.  25,  Firft , 
fays  he,  7 bit  Anfwer  does  not  agree 
with  a  Mafs  made  up  of  Meal  and 
VV ater  kneaded  together ,  and  baked  j 


and  other  fuch  like  Things  that  might 
be  inf  anted  in.  But  can  any  Thing  . 
be  more  evident,  than  that  the  Eva¬ 
poration  of  the  Water  produces  the 
fame  Effe£l  in  Bread,  as  the  Diffoiu- 
tions  of  the  Lumps  in  Plaifter  of 
Paris  ?  For  though  not  all,  yet  cer¬ 
tainly  fome  of  the  Water  is  diflol- 
ved  into  Vapours,  in  proportion  to 
the  Heat ,  wherefore  the  external 
Part  of  theBread  is  much  harder  than 
the  Internal.  Secondly ,  He  fays,  He 
does  not  Jhonx)  tvhy  thef  articles  of  Wa¬ 
ter  fo  divided  touch  one  another  clofe. 

Lut 
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33.  From  hence  we  draw  this  Confequence,  that  if 
the  Plaifter  be  put  into  fuch  a  Quantity  of  Water  as  is 
fufficient  to  furround  all  the  fmall  Particles  which  the 
Lumps  are  divided  into,  they  will  be  hindred  from  reft- 
ing,  and  fo  the  Plaifter  -  will  not  grow  hard  at  all ;  and 
thus  the  Mafons  find  it  by  Experience,  and  this  is 
what  they  mean ,  when  they  fay  their  Plaifter  is 
drowned. 

34.  Notwithftanding  this,  it  is  not  to  be  wondered  at,  if 
there  be  fome  Bodies  which  the  Water  will  divide,  and  yet 
not  at  all  help  to  unite  and  harden’  their  Parts  into  one 
Mafs,  as  it  does  thofe  of  Plaifter  of  Paris ;  for  the  Par¬ 
ticles  of  thefe  Bodies  may  be  of  fuch  a  Figure,  as  fcarce 
to  touch  one  another  at  all,  and  fo  cannot  unite  together 
to  compofe  one  Whole:  To  which  it  may  be  further  ad¬ 
ded,  that  the  Water  has  fo  quick  a  Motion  within  fome 
Bodies,  that  it  difperfes  very  much  the  difunited  Par¬ 
ticles  ;  and  by  this  means  the  Pores  and  Intervals,  which 
are  between  them,  become  fo  large,  that  the  Air  has 
Power  to  get  in,  and  hinder  fuch  Particles  from  touching 
one  another.  And  this  is  the  Reafon  why  Lhne ,  which 
is  divided  by  Water,  does  not  however  become  hard  like 
Plaifter  of  Paris  :  For  if  a  Piece  of  Lime,  which  has  been 
wetted  with  a  little  Water,  be  divided  without  meddling 


Bat  he  does  exprefsly  fhow  this  in 
thefe  Wrrds.  And  hecaufe  thefe  Par¬ 
ticles  have  a  larger  Surface  than  the 
Grains  had  before ,  of  which  they  are 
but  the  Duft  ,  it  is  more  than  the 
Water  it  able  to  furround  j  Info-, 
mucb  that  the  great  f  Fart  of  them 
touching  one  another  clcfe ,  &c  What 
could  h.  ve  been  Lid  m  re  exprefs  ? 
But  (1  fuppoie)  this  Larned  Gentle¬ 
man,  when  he  tranfhred  th  P  ace 
into  Latin,  being  not  very  attentive, 
overlook’d  the  connective  Par'ic.’e, 
xellemcnt  que.  Thirdly  ,  He  fays, 
To  at  he  juppofcs  Hardnfs  to  arife 
from  immediate  ContaEl  and  Reft, 
which  we  have  before  confuted.  Con¬ 
cerning  this.  See  the  Rotes  on  Art. 
the  9 th  of  this  Chap .  Having  thus 
confuted  the  Opinion  of  our  Author, 
the  learned  G  ntleman  co nurtures, 
‘  <  That  the  Particles  of  Water  wkuh 
*<  diflve  the  grofjtr  Lumps  of  the 
*(  Plaifer ,  are  fo  fxcd  into  the  lef. 
*<  fer  Particles ,  as,  like  Wedges  to 
**  join  many  rf  them  together ,  and  fo 
“  compofe  a  more  folid  Mafsf  bwt 


if  the  Parts  of  the  Plaifter  mu  ft  be 
kept  together  by  Wedges,  it  feems 
much  more  probable,  that  the  burnt 
Parts  (for  the  Plaifter  is  made  of 
Stone  half  burnt)  growing  a  little 
hot,  by  the  Water  being  poured  on 
it,  draw  the  volatile  Saits  cut  of  the 
Parts  which  are  not  burnt,  which 
Particles  of  the  Salts  being  fixed  in 
the  Poies  of  the  Plaifter,  keep  its 
Parts  together  :  For  the  fiiff  Particles 
of -Salt,  feem  much  more  proper  to 
perform  the  Office  of  Wedges,  than 
the  limber  and  flexible  Parts  of  W*. 
ter-  But  indeed,  Plaifter  of  Paris, 
(  Jay,  and  fuch  kind  of  Bodies,  do 
therefore  grow  hard  in  th:s  manner, 
becaufe  theWatei  in  evaporating,  fo 
attracts  their  Pacts  to  each  other, 
wh'ch  before  d'd  not  touch  one  ano¬ 
ther,  that  a'terwards  touching  one 
another  in  larger  Superficies,  they 
cohere  tege  her  by  that  mutual  At¬ 
traction,  which  depends  upon  imme¬ 
diate  Contact.  See  the  Rotes  on  Art. 
the  yth  of  this  Chap, 

with 


'33 


Chap.  22.  of  Natural  Philosophy. 

with  it,  the  Duft  into  which  it  diflolves  it  felf,  is  of  two 
or  three  times  as  much  Bulk  as  it  was  before. 

35.  When  the  Water  penetrates  the  Pores  of  certain  ^fJatthe 

Bodies  which  it  cannot  entirely  divide  3  it  is  evident,  that  theFirft  °fnd 
it  will  flop  for  fome  time ;  becaufe  it  muft  lofe  its  Mo-  Second  E/e- 
tion,  by  ftriking  againft  the  Particles  which  it  touches  :  m 

But  it  is  otherwife  with  the  Matter  of  the  Firjl  and  Second  Pores  of  bard 
Element ,  when  it  pafles  through  the  Pores  of  hard  Bo-  Bodies. 
dies:  For  as  thefe Pores,  as  fmall  as  they  are,  are  formed 

by  its  continual  palling  through  them,  fo  it  leaves  them 
big  enough  always  to  find  a  Paflage  through,  without  ever 
being  flopped. 

36.  However,  it  is  to  be  obferved,  that  by  bending  a  3 b.Whattht 
hard  Body,  fuch,  for.  Example,  as  the  Blade  of  a  Sword,  ftb7MaZ 
the  Particles  will  be  made  to  expand  themfelves  on  the  ter  of  tbeSe- 
Convex  Side,  and  to  contract  themfelves  on  the  Concave  ccnd  Element 
Side,  fo  that  its  Pores  will  become  fmaller  and  {freighter  ^bfougb very 
on  this  Side  ;  but  this  ought  not  to  hinder  the  Matter  of  fmall  Foret 
the  Firft  or  Second  Element  from  entrins  in,  becaufe  ougbttob!' 
being  very  fine,  and  moving  very  quick,  it  ought  rather 

to  alter  its  own  Figure  and  become  longer,  or  to  wear  in 
pieces  the  Matter  which  {heightens  it,  than  to  be  hun¬ 
dred  in  its  Paflage  ;  and  fo  the  Pores  will  not  be  flopped 
up  by  it. 

3 7.  But  becaufe  the  fubtil  Matter  which  pafles  through  V-  Wbat 
the  Pores  which  are  fo  very  fmall,  cannot  endeavour  to 

wear  the  Particles  of  the  hard  Body  through  which  i tbackconjijh 
pafles,  but  it  muft  at  the  fame  time  endeavour  to  reftore  irh 
the  fame  Particles  to  the  State  they  were  in  before  the 
Body  was  bent  ;  it  follows,  that  this  ought  to  make  the 
Body  grow  {freight  again.  And  thus  we  experience  the 
Property  which  is  called  Stiffnefs ,  and  which  W  orkmen 
call  ( 1 )  the  Power  of  Springing. 

38.  However,  this  Property  ought  not  to  be  found  in  38.  Why  it 
all  Sorts  of  hard  Bodies  indifferently  ;  becaufe  there  are  ?  notJ^n^ 
fome,  whofe  Pores  are  fo  large,  that  though  they  be  j Bodies.^ 
ftreightened  by  bending  the  Bodies,  yet  they  will  be  {fill 


( 1 )  The  Tower  of  Springing )  Since 
this  fubtil  Matter,  as  was  before  pro¬ 
ved,  is  only  fictitious,  it  is  much 
more  probable,  that  if  a  Body  be 
compounded  of  fuch  Sort  of  Particles, 
that  it  be  compact ,  and  bends  or  yields 
inward  to  Preffion  without  any  fli- 
dmg  of  its  Parts,  it  is  bard  and  elaf. 
tick ,  returning  to  its  Figure  with  a 
Force  artfngfrom  the  mutual  Attrac- 
Cion  of  its  Part:,  Newt.  Opt.  p.  370, 


But  if  the  Parts  of  the  Body  flip 
under  one  another,  then  the  Body  is 
of  that  S'irt,  which  will  yield  to  the 
Stroke  of  a  Hammer  ;  But  con¬ 
cerning  the  Laws  of  the  Communi¬ 
cation  of  Motic  n,  in  fuch  Bodies  as 
have  a  Power  of  [pringing  back,  or 
are  Elajlick,  as  they  cill  it,  when 
they  meet  ethers,  with  certain  Forces. 
See  the  Notts  on  Chap,  xi.  Art.  6 , 
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wide  enough  to  give  a  free  PaiTage  to  the  fubtil  Matter. 
Thus  we  can  perceive  by  our  Senfes,  that  the  Parts  of  Steel 
which  is  not  tempered,  are  larger,  and  confequently  the 
Pores  wider,  than  thole  of  tempered  Steel ;  whence  it  is 
eafy  to  apprehend  that  the  Pores  may  be  ftreightned,  with¬ 
out  hindring  a  free  Paffage  of  the  fubtil  Matter  through 
them  ;  whence  it  follows,  that  when  it  is  bent,  it  will  not 
fpring  back  again. 

39.  Now  to  fhow,  that  the  Power  of  Springing  confifts 
intirely  in  the  fmallnefs  of  the  Pores  of  a  hard  Body  ;  let 
us  confider,  that  if  a  Plate  of  untempered  Steel,  be  beaten 
upon  an  Anvil  when  it  is  cold,  it  will  acquire  a  Power 
of  Springing  which  it  had  not  before.  But  it  is  manifeft, 
that  this  Beating  does  nothing  elfe  but  make  the  Parts  ap¬ 
proach  nearer  one  another,  and  by  this  Means  ftreightens 
the  Pores  :  whence  it  follows,  that  herein  confifts  this 
Power. 

40.  It  may  further  be  obferved,  that  if  a  Spring  be  held 
bent  a  long  time,  without  being  allowed  to  recover  it 
felf,  the  fubtil  Matter  will  be  forced  to  alter  its  Figure 
by  growing  longer,  if  it  be  not  able  to  wear  in  pieces  the 
Matter  of  the  hard  Body  :  or  if  it  be^  the  Pores  will  grow 
bigger  and  bigger,  fo  as  that  the  Matter  of  the  Firft  and 
Second  Element  may  pafs  freely  through  them  ;  and  this 
is  the  Reafon  why  the  Body  ought  to  lofe  the  Power  of 
recovering  it  felf,  in  proportion  as  it  is  capable  of  being 
worn  j  which  agrees  with  Experience. 

41.  The  Force  with  which  a  Body  unbends  it  felf,  de¬ 
pends  partly  upon  the  Swiftnefs  of  the  Motion  of  the  fubtil 
Matter ,  and  partly  upon  the  great  Number  of  Pores  through 
which  it  paffes  at  a  time  :  But  it  depends  chiefly  upon 
the  Difpoftion  of  the fe  Pores  as  they  become  infenfibly freighter 
and  freighter .  F  or  by  this  means,  that  which  gets  into 
them  ought  to  have  the  fame  Force,  and  to  produce  the 
lame  Effect,  as  a  Body  which  paffes  between  two  others 
whofe  Superficies  are  almoft  parallel.  Now  according  to 
the  Laws  of  Mechanicks,  though  the  Body  which  thus 
paffes  between  two  others  be  very  fmall,  and  moves  but 
(lowly,  it  will  notwithftanding,  have  an  incredible  Force 
to  feparate  thofe  two  from  each  other. 

42.  When  the  fubtil  Matter  begins  to  remove  the 
Parts  of  the  Body  which  are  in  its  way,  it  has  their  whole 
Ref  fiance  to  overcome,  and  alfo  fome  of  the  Refinance 
of  the  furrounding  Bodies:  Now  becaufe  every  Thing 
endeavours  of  it  felf  to  continue  in  that  State  in  which  it 
once  is,  and  therefore  the  Bodies  which  have  received  a 

certain 
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certain  Motion,  continue  of  themfelves  in  that  Motion ; 
this  fubtil  Matter  cannot  continue  to  impell  them,  but  it 
muft  increafe  their  Motion  ;  and  it  may  fo  happen,  that 
by  its  impelling  and  moving  them  in  this  manner,  it  may 
fo  far  divide  the  Particles  of  the  Body,  through  which  it 
pafles,  from  each  other,  as  entirely  to  feparate  and  break 
them  ;  efpecially  if  the  Body  be  brittle. 

43.  Now  in  order  to  underhand  how  it  is,  that  fome  43-  What 
Bodies  will  bend  without  breaking,  and  that  on  the  con- 

trary,  others  will  very  eafily  break  :  it  is  to  be  obferved,  0J  a 

that  the  Texture  of  fome  may  be  fuch,  that  their  Par  -  Body  unfjh 
tides  may  be  intermixed  with  each  other,  like  the  Rings  in' 
of  a  Chain,  or  the  Threads  of  which  a  Cord  is  compo- 
fed.  Now  it  is  eafy  to  conceive,  that  thefe  Bodies  may 
be  wound  feveral  times  round  without  breaking,  becaufe 
their  Particles  are  fo  hooked  together,  that  they  may  be 
bent  any  way.  On  the  other  hand,  there  may  be  Bodies 
which  are  not  of  fuch  a  complicated  T exture,  which  are 
hard  only,  becaufe  their  Particles  touch  one  another  in  a 
few  Places  :  Whence  it  follows,  that  one  cannot  fe¬ 
parate  them  ever  fo  little,  but  their  whole  Continuity 
will  be  deftroyed  ;  and  thefe  are  what  we  call  brittle 
Bodies. 

44.  Leather  may  ferve  for  an  Inftance  of  a  limber  Bo-  44-  Why  the 
dy,  that  is,  of  a  Body  that  will  bend  without  breaking; 

and  Glafs,  on  the  other  hand,  for  an  InftaiKe  of  a  brittle  umber  Body 
Body ;  that  is,  one  that  will  break  before  it  will  bend  :  breaks,  is 
And  there  will  be  no  doubt,  but  that  the  Limbernefs  of  ™rya[  *”and 
the  one,  and  the  Brittlenefs  of  the  other,  confifts  in  what  that  0 /  * 

I  have  faid ;  if  we  confider  the  Place  where  a  Piece  of  brittle  Body 
dry  Leather  is  pulled  afunder,  and  the  Place  where  a  Piece  "Jery  fmootb' 
of  Glafs  is  broken  :  For  the  Leather  appears  unequal,  and 
as  it  were  untwifted,  which  is  an  evident  Sign,  that  the 
Particles  which  are  at  the  End  of  one  Part,  entered  in 
between  the  Particles  which  are  at  the  End  of  the  other 
Part ;  and  on  the  contrary,  the  Breach  of  the  Glafs  appears 
very  well  polifhed,  which  is  a  Sign,  that  the  Particles  of 
one  of  its  Pieces,  touched  the  Particles  of  the  other  Piece 
only,  without  entering  in  between  them. 

45.  If  Glafs  which  is  very  brittle,  have  very  large  45. 

Pores  on  one  Side  of  its  Superficies,  and  which  grow  lefs  Glares  new. 
and  lefs  towards  the  other  Side  ;  there  cannot  enter  into  ly^at^r^ 
thefe  large  Pores,  fubtil  Matter  enough  to  fill  them,  but  without  be-  9 
that  by  continuing  its  Motion  very  quick  towards  the  ing  meddltd 
{freighter  Parts  of  the  Pores,  it  muft  wholly  difunite  the 

Parts.  Now  when  a  Drinking-glafs,  which  is  juft  made, 

K  4  grows 
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grows  cold  on  a  Hidden  ;  it  is  impoflible  but  that  the 
Pores  muft  be  larger  where  the  Glafs  is  thickeft  ;  becaufe 
the  Heat,  which  dilate  Bodies,  continues  longer  here  than 
in  the  other  Parts  :  Wherefore  the  fubtil  Matter  which 
enters  into  thefe  large  Pores,  going  on  fwiftly,  and  with 
great  Force  (1)  muft  break  the  Glafs  in  the  Places  where 
the  Pores  are  fenfibly  lefs.  And  this  fo  commonly  hap-^ 
pens,  that  it  is  fomething  ftrange,  if  a  hundred  Glaftes 
be  expofed  to  the  Air  as  foon  as  they  are  made,  if  one  of 
them  efcape  without  breaking. 

46.  The  Glafs-makers  have  a  Way  to  prevent  this  In¬ 
convenience,  by  putting  the  new-made  Glaftes  into  the 
Arch  of  the  Furnace,  where  they  are  removed  by  little 
and  little  out  of  the  Flame,  fo  as  not  to  get  above  the 
Space  of  nine  or  ten  Foot,  in  fix  Hours  time,  and  then 
they  are  expofed  to  the  open  Air  ;  and  fo  all  the  Parts 
growing  infenfibly  Cold,  the  one  as  well  as  the  other, 
the  Pores  become  equally  ftreight  every  where,  and  the 
fubtil  Matter  which  can  enter  into  one  of  them,  can  run 
from  thence  freely,  through  all  other  Parts  of  the  Glafs 
where  the  Paftages  are  equally  open. 

47.  What  we  have  now  faid  concerning  the  Caufe  of 
Glaftes  being  broken  as  it  were  of  themfelves,  opens  a 
Way  for  us  to  explain  a  kind  of  a  Miracle  in  Nature, 
which  was  lately  difcovered  and  brought  hither  from 
Holland ,  and  which  has  travelled  through  all  the  Uni- 
verfities  of  Europe ,  where  it  has  railed  the  Curioftty,  .and 
confounded  the  Reafon  of  the  greateft  Part  of  the  Phi- 
lofophers.  It  is  a  kind  of  a  Drop  of  thick  Glafs,  and  fuch 
as  the  Glafs-Windows  are  made  of,  near  the  fame  Shape 
and  Bignefs  as  defcribed  in  the  Figure.  It  is  entirely  So¬ 
lid,  except  perhaps  we  may  fometimes  fee  a  few  fmall 
Bubbles  of  Air  in  the  thickeft  Part  of  it,  as  at  D,  where 
it  will  bear  pretty  hard  Blows  of  a  Hammer  without 
breaking.  And  yet,  if  the  little  End  of  it  be  broken  off 
any  where  near  B,  the  whole  Body  will  burft  in  Pieces 
with  a  Noifc  ;  and  we  fhali  fee  it  fcatter  it  felf  all  round. 


fr)  Mujl  break  the  Glafs}  But  it 
tmy  be  (and  it  is  more  J:ke!y)  that 
the  Cold,  by  {tripping  the  Motion 
of  feme  of  the  Parts  on  a  fudden, 
whilft  the  reft  are  in  great  Motion, 
breaks  Vefteis  made  of  GJafs.  For 
thus  almoft  ail  Bodies  ate  broken  by 
the  unequal  Motion  of  their  Ports  : 
Hence  a  Tiie  by  one  Blow  burfts  a. 
fonder  many  times  into  two  or  three 


hundred  Pieces.  Hence  theChymlfts 
Vefteis  are  often  broke.  Hence  they 
who  cut  Drink:ng-Gialfes  into  Spi¬ 
ral1,  fit  ft  put  a  red  hot  lion  near 
them,  and  then  p~ur  co'd  Water  on 
the  Part  0*'  the  Glafs  which  is  heated. 
And  hence  Drinking- Glaftes  are  re¬ 
ported  to  be  broken  only  by  the 
Voice  bending  them. 

and 
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and  to  a  good  diftance,  in  a  Powder,  which  though  very 
/mail,  has  its  Parts  cracked  in  fo  many  Places,  that  it 
is  eafy  to  divide  them  by  preffing  them  between  one’s 
Fingers ;  which  may  be  done  without  any  Danger  of 
pricking  them,  as  there  is,  if  we  fhould  handle  a  piece 
C)f  Glafs  fo,  after  it  is  powdered  in  a  Mortar. 

48.  To  fay  the  Truth  ;  this  Phenomenon  is  fo  fmgular, 
that  it  is  no  wonder  it  fhould  at  firft  Sight  furprize  us. 
But  if  we  confider  it  more  clofely,  it  is  eafy  to  obferve, 
that  there  is  nothing  elfe  appears,  but  only  the  local  Mo¬ 
tion  of  the  Parts  of  the  Body,  which  are  carried  from 
the  Center  to  the  Circumference  :  Now  as  we  cannot 
conceive  how  a  Body  ftiould  begin  to  move  of  it  felf, 
without  being  put  in  Motion  by  another  Body  which 
was  in  Motion  before ;  fo  it  is  eafy  to  imagine,  that  the 
fcattering  about  of  the  Particles  of  the  Glafs-drop ,  is 
owing  to  fome  Matter, which  getting  into  its  Pores,  preffes 
upon  them  and  divides  them,  in  the  fame  manner  as  we 
fee  a  Wedge  when  it  is  driven  into  a  Body  with  great 
Force  and  Velocity,  fplits  it,  and  feparates  the  Parts  from 
each  other.  And  there  is  no  Doubt  at  all,  but  that  this 
is  the  fame  Matter  which  breaks  the  Glaffes  in  the  Glafs- 
Houfe,  when  they  are  fuffered  to  cool  too  foon. 

49.  Now  in  order  to  underftand  how  this  Drop  could 
acquire  a  Difpofition  proper  to  produce  this  EfFecft,  there 
is  Reafon  to  guefs,  that  the  Workman,  who  makes  a  Se¬ 
cret  of  it,  has  a  Way  of  cooling  it  all  at  once,  by  dipping 
it  when  it  is  very  hot  into  fome  Sort  of  Liquor,  which 
hinders  it  from  breaking  in  pieces :  F or  we  fee  by  Ex¬ 
perience,  that  Glafs  which  is  fo  cooled  in  Water,  breaks 
into  fmall  Pieces.  But  be  this  Liquor  what  it  will,  it  is 
certain,  that  the  Parts  of  the  Drop ,  which  are  neareft 
the  Surface,  cool  firft,  and  by  communicating  their  Mo¬ 
tion  to  this  Liquor,  lofe  what  they  had  before,  which 
kept  them  at  a  little  diftance  from  each  other  ;  and  fo, 
they  are  condenfed,  and  contract  their  Pores,  and  fit 
them  to  the  fineft  Parts  of  the  fubtil  Matter,  which  pre- 
ferves  its  Paffage  through  them,  But  this  is  not  the 
Cafe  of  the  internal  Parts  of  the  Drop ,  which  not  being 
cooled  till  after  the  other,  cannot  contradi  themfelves  fo, 
becaufe  thofe  other  being  grown  hard,  and  difpofed  like 
an  Arch,  do  not  at  all  prefs  upon  them  ;  fo  that  the 
Pores  which  are  amongft  the  Parts  neareft  the  Middle,  are 
large,  and  grow  lefs  and  lefs  as  they  come  towards  the 
Superficies.  And  this  being  allowed,  there  is  a  plain 
Reafon  for  what  caufes  fo  great  Admiration. 

50,  It 
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50.  It  is  no  wonder  that  the  Drop  will  bear  the  Blows 
of  a  Hammer,  becaufe  it  is  thick  enough  for  that  : 
For  other  Pieces  of  Glafs  of  the  fame  Bignefs  will  do 
the  like. 

5 1.  It  is  alfo  manifeft,  that  they  ought  not  to  break 
of  themfelves,  as  the  forementioned  Glaffes  do,  becaufe' 
the  fubtil  Matter  which  palfes  through  them,  finds  as 
free  a  Paffage  to  come  out,  as  to  enter  in. 

52.  But  when  the  little  End  is  broken  off  near  the 
place  marked  B,  we  can  there  fee  very  large  Pores  into 
which  the  larger  Particles  of  the  fubtil  Matter  entring  in 
a  great  Quantity,  and  continuing  to  move  from  thence 
very  fwiftly,  towards  every  part  of  the  Superficies,  where 
the  Pores  grow  Freighter ;  they  cannot  but  (1)  feparate 
every  way  the  Parts  of  the  Glafs,  and  fo  divide  them 
into  that  Powder  which  we  fee. 

53*  This  Truth  is  confirmed  by  obfervirig,  Firft, 
That  the  Extremity  of  all,  which  is  at  A,  is  fo  fmall, 
that  there  could  be  no  fenfible  difference  in  cooling  be¬ 
tween  the  infide  and  the  outfide,  fo  that  the  Pores  there 
are  of  an  equal  Bignefs  throughout.  Wherefore  if  the 
End  be  broken  off  thereabouts,  this  will  not  give  leave 
to  the  fubtil  Matter  to  let  in  its  groffer  Particles,  any 
more  than  if  it  were  not  broken  at  all,  and  confequently 
the  Drop  ought  not  to  burft  in  Pieces  ;  as  by  ExperF 
ence  we  find  it  does  not. 

54.  Further,  if  one  of  thefe  Glafs  Drops  be  made  red 
hot  in  the  Fire,  and  then  fuffered  to  cool  flowly,  its 
Pores  will  then  become  very  near  equal,  in  like  manner, 
as  Whrkmen  neal  Steel.  After  which,  if  the  End  of 
the  Drop  be  broken  off  any  where,  becaufe  there  can  no 
fubtil  Matter  enter  in,  but  fuch  as  can  go  out  on  all 
Sides  with  as  great  Eafe  as  it  entred  in,  therefore  the 
Drop  ( 2)  ought  not  to  burft  in  Pieces  at  all  ;  which  alfo 
we  find  true  by  Experience. 


(1)  Separate  every  way')  Becaufe 
Glafs  is  a  Body  whjch  has  a  Power 
of  Spring  ng,  it  is  probable,  that  this 
Glafs  Drop  is  broke  in  the  fame 
manner,  as  a  Steel  Brw  burfts  in 
pieces  f«metimes,when  it  is  loofened 
on  a  fudden  j  vises.  by  the  too  great 
Celerity  and  Force  of  that  Motion 
which  arifes  from  the  mutual  At- 
tra£lion  of  its  Parts.  For  its  Parts 
from  the  Center  to  the  Circumfe 
rence,  feem  to  be  like  fo  many 


Bows  bent.  And  hence  perhaps  it  is, 
that  a^ter  it  is  buift  in  Pieces,  its 
FifTures  are  difpofed  like  fo  many 
Radii  drawn  from  the  Axis  to  the 
Superficies,  as  Mr.  Hook  obferved  in 
a  Glafs  Drop  covered  over  with 
Glue.  See  Hook's  Micrography f 
Obfrv.  r>th. 

(2)  Ought  not  to  burjl  in  pieces ) 
For  the  fame  Reafon,  that  there  is 
no  danger  of  breaking  a  Bow  when 
it  is  gradually  loofeiied. 


55.  Laftly, 
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55.  Laftly,  To  confirm  what  has  been  faid  of  the  In-  55*.  Some 
equality  of  the  Pores  which  are  in  the  Middle,  and  thofe  ^ZLn^f 
near  the  Superficies  in  thefe  Sort  of  Drops ,  I  carried  three  Lapidarie s. 
of  them  to  three  different  Lapidaries  :  The  firff  of  them  Tab<  in* 

I  ordered  to  cut  the  Drop  which  I  gave  him,  with  Pow-  Fl§‘  5* 
der  of  Diamond  about  the  Place  C.  I  ordered  the  Se¬ 
cond  to  drill  a  Hole  in  his,  with  the  fame  Powder  about 
D,  and  I  ordered  the  Third  to  put  his  upon  the  Wheel, 
and  grind  it  plain  at  E,  with  Powder  of  Emery  :  Now 
after  thefe  three  Workmen  began  feparately  to  work  up¬ 
on  them  with  as  much  Caution  as  they  do  upon  Pearls  or 
Stones  of  a  great  Value,  and  had  ground  with  thefe 
Powders  as  much  off  from  the  Drops  as  amounted  to 
the  Thicknefs  of  a  French  Two-pence,  which  I  reckon 
is  as  far  as  the  fmall  Pores  reach,  I  faw  each  of  them 
burft  in  pieces  as  ufual,  to  the  great  furprize  of  the 
Workmen,  who  did  not  at  all  expedl  any  fuch  Thing. 

56.  But  to  return  now  to  the  Confideration  of  Liquids.  56.  Of  two 

I  obferve  firft,That  if  they  be  all  reduced  to  two  Species,  in 

the  one  comprehending  all  thofe  which  we  call  thin ,  and  jjJU0r^ 
the  other,  all  thofe  which  we  call  fat^  it  will  not  be  dif¬ 
ficult  to  determine  what  their  principal  Difference  con- 

fifts  in.  For  fince  the  former  is  very  eafy  to  evaporate, 
but  the  Latter  evaporates  with  great  Difficulty,  we  can¬ 
not  but  think,  that  the  Particles  of  the  one,  muff  be  of 
very  fimple  Figures  to  be  able  to  difingage  themfelves 
from  each  other,  and  the  Particles  of  the  other,  of  more 
entangling  Figures, .  fomething  like  Branches  of  Trees, 
by  which  they  hold  each  other  together. 

57.  And  this  is  confirmed  from  hence,  that  if  a  Vef-  57-  Wh^ 

fel  full  of  thin  Liquor  be  fo  inclined,  as  to  pour  it  out  eK 

fiowly,  the  Liquor  will  run  about,  and  divide  it  felf  into  down,  is 

a  great  many  diffindi  Drops  ;  whereas  if  it  be  a  fat  Li-  dTjff^cd  m 
quor ,  it  will  go  on  in  a  long  Thread,  whofe  Parts  are  r"  " 
uninterrupted. 

58.  This  being  fuppofed,  we  fhall  not  think  it  at  all  58.  TVby 
flrange  ;  that  Oil  or  Air  is  fo  hard  to  mix  with  Water  : 

The  Reafon  of  which  is,  becaufe  the  Particles  of  thefe  together* 
Liquors  unite  together  much  eafier  than  they  do  with  the 
Particles  of  the  other :  Whence  it  is,  that  if  Water  and 
Oil  put  into  the  fame  Veffel,  be  fo  fhaked  up  together, 
that  they  feem  to  compofe  but  one  Liquor,  they  cannot 
continue  fo  long,  before  the  Particles  of  the  Oil  which 
meet  each  other,  will  entangle  themfelves,  to  as  to  com- 
pofe  feveral  Drops,  which  becaufeof  their  Lightnefs,  rife 
up,  at  the  fame  time  that  the  Particles  of  the  W ater, whofe 
r  Motion 
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Motion  caufes  them  alfo  to  meet,  join  together  likewife, 
and  compofe  other  Drops  which  fink  downwards  :  And 
this  is  the  Reafon  why  thefe  two  Liquors  entirely  clear 
themfelves  of  each  other,  and  become  diftindf,  the  one 
at  the  T op,  and  the  other  at  the  Bottom. 

59.  It  is  worth  obferving,  that  the  Drops  of  Liquors , 
•which  fwim  in  a  large  Quantity  of  other  Liquors  which 
they  will  not  mix  with ,  are  all  round  like  Balls.  This 
cannot  be  perceived  in  Drops  of  Rain  as  they  fall  in  the 
Air,  by  reafon  of  the  Swiftnefs  of  their  Fall ;  on  the 
contrary,  they  ought  rather  to  appear  long,  fo,  as  we 
fhould  take  them  for  fmall  Columns  ;  for  the  fame  Rea¬ 
fon  that  a  lighted  Torch  moved  quick,  appears  like  a 
long  Train  of  Fire.  A  better  Way  then  for  us  to  take, 
in  order  to  fee  if  the  Drops  of  Water  which  fwim  in 
the  Air  be  round,  is  to  put  a  little  Water  into  the  Hol¬ 
low  of  one’s  Hand,  and  to  throw  it  up  into  the  Air,  a- 
bout  the  Height  of  our  Eyes  ;  for  then  it  will  divide  it 
felf  into  a  great  many  fmall  Drops,  which  beginning  to 
defcend  very  llowly,  give  the  Spectator  an  Opportunity 
of  obferving  their  Figure. 

60.  This  Phenomenon  has  always  been  obferved,  and  a 
Reafon  for  it  attempted  to  be  given,  by  faying,  that  the 
Parts  of  the  fame  Liquor  have  a  mutual  Affettion  for  each 
other ;  whence  follows  a  Defir e  of  uniting  together ,  which 
cannot  be  done  perfectly,  but  by  compofing  a  Ball ;  for 
if  they  compofed  any  other  Figure,  thofe  Parts  which 
were  moft  diftant  from  the  Center,  would  tend  towards 
it  with  a  greater  Force  than  thofe  which  are  nearer  it,  and 
confequently  make  them  give  way,  and  remove  back  till 
they  are  all  equally  placed  about  the  Center,  and  fo  be¬ 
come  round. 

61.  But  becaufe  thefe  Words,  Affection  and  Dcfire  have 
no  Meaning,  that  we  can  apprehend,  unlefs  they  be  aferi- 
bed  to  Subjects  which  are  capable  ot  Knowledge  ;  there¬ 
fore  we  cannot  apply  them  to  the  Parts  of  Water,  with¬ 
out  fpeaking  very  improperly  and  oMcurely.  Wherefore, 
thefe  are  fo  far  from  explaining  a  Thing  which  ought  to 
he  very  eafy,  (for  we  are  only  inquiring  into  the  Figure  of 
a  Body  ;)  that  they  perplex  it  with  Terms  which  have  no 
clear  and  diftindl  Signification  when  applied  to  fuch  Sub¬ 
jects.  Further,  let  this  Define  of  uniting  be  explained  how 
it  will,  it  is  very  abfurd  to  aferihe  it  to  Subjects  which 
feem  naturally  to  be  fitted  to  dif  unite  from  each  other ,  be¬ 
caufe  Nature  has  made  them  io  capable,  of  dif-uniting. 


62.  In 
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f  4  62?  In  order  then  to  find  out  the  Caufe  why  the  Drops  62.  That 
of  Liquors  which  fwim  in  other  Liquors  are  round,  we  B°fe? 
muft  keep  this  T ruth  in  our  Minds  :  That  every  Thing  impelled 
endeavours ,  as  much  as  it  can ,  to  continue  in  that  State ,  in  out  °f  the 
which  it  once  is ;  and  confequently,  that  which  is  once  in 
Motion,  would  continue  to  move  with  the  fame  Deter-  defcnbe  the 
mination  with  which  it  began,  that  is,  according  to  what  Circumfe- 
was  before  faid,  in  the  fame  {freight  Line.  Thus,  if  the  'cTcl^tblna 
Body  A,  for  Example,  is  moved  along  the  Line  AB,  it  freight 
is  determined  at  the  Beginning  of  this  Motion  to  go  to-  L'fe'  and 
wards  C,  and  it  will  never  of  it  felf  tend  to  go  towards  ferent™/* 
E  or  towards  D.  However,  if  when  the  Body  is  come  larger  dit¬ 
to  B,  it  meets  with  any  Oblfacie  there,  it  may  turn  out cle, ratber 
of  the  Line  BC  and  go  in  fome  other  Line.  But  be-  yw ft  * 
caufe  it  is  forced  out,  it  follows,  that  it  will  go  as  little  Tab.  nr. 
out  as  it  can,  that  is,  when  it  quits  the  Line  AB  at  the  r''s*  6< 
Point  B,  it  will  tend  to  move  in  a  Line  which  will  make 
the  leafl  Angle  that  can  be  conceived  with  the  Line  BC. 

And  becaufe  the  Line  BD  dees  not  make  lb  final!  an  An¬ 
gle  with  the  Line  BC  as  BE  does,  we  cannot  but  think, 
that  the  Body  A  tends  rather  to  move  in  the  Line  BE 
than  in  the  Line  BD.  And  becaufe  the  Circumference 
of  a  Circle,  of  which  BC  is  the  Tangent,  makes  a  lefs 
Angle  with  BC  than  any  Angle  comprehended  betwixt 
two  {freight  Lines ;  we  muft  conclude,  that  the  Body  A, 
when  it  is  arrived  at  the  Point  B,  will  relift  turning  into 
the  Circumference  of  a  Circle  lefs  than  into  any  {freight 
Line.  Laftly,  becaufe  it  is  certain  ,  that  the  Circum¬ 
ference  of  a  great  Circle  makes  a  lefs  Angle  with  its 
Tangent,  than  the  Circumference  of  a  fmall  Circle  does 
with  its  Tangent,  we  muft  alfo  conclude,  that  the  Bo¬ 
dy  A,  when  it  is  arrived  at  the  Point  B,  where  it  is 
forced  to  turn  out  of  its  Way,  will  refift  ftill  lefs,  the 
deferibing  the  larger  Circumference  BG,  than  the  fmal- 
ler  one  BF. 

63.  This  being  fo  ;  if  the  Particles  which  compofe  a  63.  JVhy  the 
Drop  of  Liquor,  and  which  are  hundred  from  going  on  f-ff/a-e 
in  their  Motion,  by  the  Liquor  which  furrounds  them,  be  round . 
compared  to  the  Bpdy  A  ;  and  all  that  has  been  faid  of 
the  Body  which  made  Refiftance  to  it  at  B,  be  applied  to 
the  Particles  of  the  furrounding  Liquor,  which  do  not 
make  fo  great  Refiftance,  but  that  they  can  retire  back 
a  little  ;  we  conclude,  that  the  Particles  of  the  Drop,  do 
gradually  remove  thofe  lurrounding  Particles  which  get 
within  the  Spherical  Superficies  which  the  Drop  may  be 

com- 
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comprehended  under  :  And  becaufe  (i)  the  World  is  full, 
and  the  Particles  which  are  removed  out  of  their  Place, 
have  no  where  to  go,  without  removing  as  many  others, 
they  muft  neceffarily  be  driven  to  thofe  angular  Parts  o^ 
the  Drop  which  are  without  that  fphaerical  Superficies  ; 
and  fo  the  Drop  will  of  it  felf  become  of  a  round  Figure, 
though  the  furrounding  Liquor  contributed  nothing  elfe 
to  it,  but  only  not  refilling  it  at  all  :  But  becaufe  the  Par¬ 
ticles  of  this  Liquor,  are  more  hindred  from  continuing 
their  Motion  in  a  ftreight  Line,  by  the  angular  Parts  of 
the  Drop,  than  by  the  others  which  are  nearer  the  Center, 
it  is  evident,  that  they  mull  force  them  towards  the  Cen¬ 
ter,  and  at  the  fame  time  make  thefe  other  remove  fur¬ 
ther  off  from  it.  (2)  And  in  this  manner  the  furrounding 
Liquor  contributes  as  an  efficient  Caufe,  towards  making 
the  Drop  round.  Nay,  we  may  affirm,  that  it  does  the 
greateft  Part  towards  it,  if,  all  other  Things  being  alike, 
this  be  moved  with  the  greateft  Celerity. 

64.  That  64.  But  it  is  to  be  obferved,  that  there  are  two  Things 
wy’fup-ny  required  in  order  to  make  Experience  agree  with  this  De- 
ported, ought  monftration  :  The  Firft  is.  That  the  furrounding  Liquor 
to  be  a  little  noj.  more  than  ufually  agitated  by  any  external  Force  ; 
'*iat’  and  Secondly,  That  the  Drops  be  not  any  way  fupported, 
at  leaft,  when  they  are  of  any  confiderable  Bignefs  ;  for 
then  their  Weight,  which  is  luperior  to  the  Caufe  which 
makes  them  round,  will  make  them  a  little  flat,  fo  that 
they  will  be  round  only  in  that  Part  which  is  parallel  to 
the  Horizon.  As  we  fee  by  Experience  in  Drops  of 


(1)  The  World  it  full)  See  the 
Notes  on  Chap.  viii. 

(2)  And  in  tbit  manner )  A  Por¬ 
tion  of  any  Liquor,  inclofed  in  ano¬ 
ther  Liquor,  which  it  does  not  mix 
with,  w:ll  prcferve  its  Figure,  what¬ 
ever  it  be,  without  any  Alteration, 
if  the  Parts  of  the  furrounding  Li¬ 
quor  be  a:  reft,  with  refpett  to  each 
other-  fee  Newt  Princip.  Book  !  f. 
j Prop.  20.  Cor.  qtb.  But  if  the 
Parts  of  the  furrcunding  Liquor  be 
ag'tared,  the  incJofed  Drop  muft  ne- 
cdTarily  becompreffed  into  a  g’obu- 
lar  Figure.  For  iince  the  Superfi¬ 
cies  of  any  other  Figure  is  greater 
than  that  of  a  Globe,  and  therefore 
expofed  to  more  Attacks  from  the 
Parts  with  which  it  does  not  mix. 
Com  ng  upon  it  on  ail  Sides  j  and  be¬ 
caufe  whatever  is  preflfed  upon  on  all 
Sioes,  retires  thither  where  it  may 
be  leaft  preiTed  upon  $  it  is  evident. 


that  the  Parts  of  the  inclofed  Drop, 
muft  gather  themfelves  into  the 
Form  of  a  Globe,  when  they  will 
be  leaft  preiTed  upon.  And  this 
they  will  do,  if  there  were  no  fuch 
Thing  as  Attraftion.  But  (incethe 
Drops  of  Water  and  of  other  Li¬ 
quors,  gafher  themfelves  into  a  round 
Figure,  in  a  Vacuum,  as  well  as  when 
inclofed  in  any  Liquor,  the  Caufe 
of  this  ought  by  all  means  to  beaf- 
cribed  to  the  mutual  Attradlion  which 
there  is  betwixt  the  Parts  cf  one 
and  the  fame  Liquor.  (See  the  Notet 
on  Chap.  xi.  Art.  i  <;•)  For  the  Drops 
of  emery  Fluid  ajfeEl  a  round  Figure , 
by  the  mutual  AttraBion  of  their 
Parts  :  In  :he  fame  manner  as  the 
Globe  of  the  Earth  and  the  Sea  af- 
feBs  a  round  Figure ,  by  the  mutual 
AttraBion  of  its  Parts  by  Gravity • 
Newt.  Opticks,  pag.  370. 
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Water  which  reft  upon  fuch  Leaves  of  Herbs  as  they  will 
not  wet,  and  in  thofe  put  upon  a  dufty  Table  ;  as  alfo  in 
Drops  of  Oil  or  melted  Greafe  fwimming  on  Water, 
which  indeed  are  not  round,  but  only  on  that  Side  which 
is  level  with  the  Horizon,  for  on  the  other  Sides,  they 
are  flatter  in  proportion  to  their  Bignefs  and  Weight. 

65.  Thislaft  Obfervation  ought  to  be  underftood  only  65.  Why 
upon  Suppofition,  that  all  Things  elfe  are  alike.  For  it 

is  not  at  all  impoflible,  but  that  of  two  Drops  of  different  mm™ 
Liquors,  that  which  is  the  moft  heavy,  may  be  the  round  tba* 
roundeft,  provided  it  be  alfo  the  fmalleft  :  The  Reafon 
of  which  is,  that  all  the  Particles  of  the  Liquor  which 
furrounds  the  Drop,  do  not  help  to  make  it  round,  but 
thofe  only  which  are  applied  to  the  Surface  of  it  ;  the 
reft,  which  enter  into  the  Pores,  help  rather  to  diflipate 
it.  Wherefore  a  Drop,  which  is  fmaller  and  heavier, 
having  its  Pores  lefs,  and  perhaps  a  lefs  Quantity  of  them 
than  the  other,  which  is  larger  and  lighter ;  has  alfo  its 
Surface  more  continued,  and  confequently  gives  more 
Opportunity  to  the  Caufe,  which  makes  it  round,  to 
work  upon  it,  and  lefs  to  that  which  would  diflipate  it. 

Thus  we  fee,  that  a  Drop  of  Quickfilver  is  always  more 
round  than  a  Drop  of  Water  a  little  lighter. 

66.  On  the  contrary ;  Spirits  of  Wine,  being  very  light,  66.  Whence 
muft  have  fo  many  Pores,  and  the  Superficies  of  it  muft  thaJ 
be  fo  interrupted,  that  there  can  be  but  a  very  few  Par-  spirit  of 
tides  of  the  Air  applied  to  it  to  make  it  round,  the  Wine  don't 
greateft  part  of  them  pafs  through  it,  and  tend  to  diffi- 

pate  it ;  alfo  this  is  a  Liquor,  which  it  is  very  difficult  to  ; 
diftinguifh  into  Drops,  as  may  be  tried,  by  putting  a  lit¬ 
tle  of  it  into  our  Hand  and  throwing  it  up  into  the  Air  ; 
for  if  it  be  well  rectified,  it  will  not  fall  down  in  Drops, 
as  Water  does,  but  it  will  be  fo  diffipated  by  the  Air, 
that  none  of  it  will  appear  fenfibly  on  the  Ground.  So 
alfo  if  it  be  thrown  upon  a  dufty  Table,  it  will  not  gather 
into  round  Drops,  but  fpread  it  felf  about,  and  mix 
with  the  other  Bodies  which  it  meets  with  ;  nay,  even 
with  Soot  it  felf,  which  Water  will  not  moiften. 

67.  Having  thus  fhown  what  kind  of  Superficies  that  67*  Why  a 
which  is  common  to  two  Liquors,  the  one  inclofed  in  the 

other,  is  ;  it  may  not  be  amifs  to  ftop  a  little,  and  examine  Bodies  and 
what  fort  ofSuperficies  that  ought  to  be,  which  is  between  nct  otbcrs' 
two  Liquors,  the  one  contained  in  a  Veffel,  and  the  other 
not :  But  becaufe  there  may  be  feme  Difference  in  this, 
according  as  the  Veffel  will  be  wetted  or  not  wetted  bv 
the  Liquor  contained  in  it ;  it  is  to  be  obferved,  that  a 

Liquor 
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63.  That 
the  Superji- 
ctet  of  the 
Water  in  a 
clean  Glaft 
exahlly  full, 
is  quite  flat. 

69.  That 
the  Superfi¬ 
cies  of  a  Li¬ 
quor  which 
will  wet  a 
Glafs ,  ought 
to  be  Con- 
eaa/e,  if  the 
Glaft  is  not 
full. 

Tab.  III. 
Fig.  7. 


70.  Why 
the  Conca-ve 
Superficies 
is  not  fphe- 
rical. 


71.  That 
the  hollow 
Surface  of 
the  Water 
in  a  fmall 
‘Lube  nstfu/l, 
it  fpbericaL 
Tab.  III. 
Fig-  8. 


Liquor  therefore  wets  a  hard  Body,  becaufe  it  immedi¬ 
ately  touches  its  Superficies ;  and  that  another  Liquor  does 
not  wet  it,  becaufe  it  does  not  immediately  touch  its 
Superficies ;  but  there  is  room  left  for  the  fubtil  Matter 
to  pafs  between  the  concave  Superficies  of  the  one,  and 
the  convex  Superficies  of  the  other. 

68.  This  being  fuppofed  ;  we  conclude  firft,  that  if  a 
very  clean  Glafs,  whofe  upper  Edge  is  of  an  equal  Height 
all  round,  be  ex  aft  ly  filled  with  Water,  the  Surface  of  the 
Water  will  be  perfedfly  level  and  plain ;  becaufe  the  Air 
which  touches  it,  does  not  prefs  more  upon  one  Part  than 
upon  another. 

69.  But' if  the  Glafs  be  not  full  of  Water,  the  Super¬ 
ficies  ought  to  be  Concave ;  ( 1 )  becaufe  the  Air  which 
comes  in  at  the  Mouth  ot  the  Glafs,  and  circulates  about 
the  Glafs  and  the  Water,  as  if  they  were  one  continued 
Thing,  cannot  fo  eafily  turn  to  move  along  the  internal 
Superficies  of  the  Glafs,  as  continue  its  Motion  in  the 
Middle  :  From  whence,  being  to  go  out  again  at  the 
Mouth  of  the  Glafs,  it  defcribes  a  Curve  in  a  contrary 
Pofition,  to  what  it  did  when  it  entered  in,  much  the 
fame  as  is  defcribed  in  the  Figure ;  fo  that  the  Water 
is  prefied  more  in  the  Middle  than  on  the  Sides,  and  con- 
fequently  mull  rife  towards  the  Sides. 

70.  Experience  would  perfectly  agree  with  this  Rea- 
foning,  were  it  not  that  as  the  moft  convenient  Motion 
for  the  Air  is  in  a  Circle,  it  fhould  feem,  that  it  ought 
to  bend  the  Surface  of  the  Water  into  the  Form  of  a 
Concave  Sphere,  which  yet  it  does  not  do  ;  For  the 
Surface  of  the  Water  is  curved  only  towards  the  Sides, 
and  is  perfectly  level  in  the  Middle.  But  the  Reafon  is 
plain  ;  for  if  the  Glafs  be  large,  a  great  Quantity  of 
Water  mull  be  raifed  up  to  make  the  Curvature  fo  con¬ 
venient,  as  the  Water  requires,  which  it  is  certain  is 
refilled  by  its  Weight. 

71.  And  for  Proof  of  this  ;  If  into  a  fmall  Tube  of 
Glafs,  in  which  a  fmall  Quantity  of  Water  rifing  at  the 
Sides  makes  its  Surface  fpherical,  fome  Water  be  poured, 
fo  as  not  to  fill  it ;  we  may  obferve,  that  it  will  conti¬ 
nue  in  the  fame  manner  Spherical ,  though  the  Tube  be 
inclined  as  you  fee  in  the  Figure,  where  the  Curvature 

(1)  Becaufe  the  Air )  Since  all  Gibbous  or  Concave,  according  as 
tht-fe  Phaenomena  are  the  fame  in  a  the  Particles  of  the  Liquor  are  more 
Vacuum  as  in  the  open  Air  ;  we  mu  ft  or  lefs  mutually  attracted  by  each  o- 
aflert,  that  the  Superficies  of  any  ther,  than  they  are  by  the  Matter 
Liquor  contained  in  any  Veil'd  is  of  which  the  Veflel  is  made. 

ABC 
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ABC  reprefents  the  Surface  of  the  Water,  which  is  there¬ 
fore  above  the  Level,  and  manifeftly  higher  at  A  than  at 
C,  becaufe  that  Pofition  of  the  Water  agrees  better  with 
the  Motion  of  the  Air,  which  would  be  more  turned 
back,  and  with  greater  Force  in  the  Place  D,  if  the  Wa¬ 
ter  were  more  upon  the  Level  DBE. 

72.  The  fame  Caufe,  which  hinders  the  Water  from  72-  Why  a 
growing  level  in  an  inclined  T ube,  hinders  a  Bottle  alio 

which  has  a  very  {freight  Neck  from  emptying  it  felf,  when  filled. 
when  it  is  near  inverted,  and  - the  unequal  Height  of  the 
two  Parts  of  the  Water  which  endeavour  to  come  out  at 
the  fame  time,  fhould  feem  to  deftroy  the  equilibrium  of  the  Bottom 
the  Air’s  Prefliire,  which  repels  and  fupports  it  by  its  uP™ardi> 
Weight.  For  Example  ;  Though  in  the  Eottle  here  de-  empty 
fcribed,  the  Height  of  the  Water  which  endeavours  to  Tab.  III. 
come  out  of  the  Bottle  at  C,  is  greater  than  of  that  at  A,  FlS*  9*J 
and  therefore  fhould  feem  to  be  able  to  force  the  Air  to 
defcend  at  C,  and  to  rife  again  by  A,  and  get  into  its^ 

Place  ;  yet  this  does  not  happen,  becaufe  the  Parts  of 
the  Air  now  defcribe  the  Curve  ABC  ;  and  the  Dif¬ 
ference  of  the  Weight  <?f  the  Water  at  A,  above  that  at 
C,  is  fo  very  fmall,  that  it  is  not  able  to  make  the  Air 
to  defcribe  a  Line  that  is  more  curved,  as  it  muff  do,  if 
the  Water  which  defcends  by  C,  took  up  part  of  the 
Width  of  the  Neck. 

73.  If  a  little  more  Water  be  poured  into  a  Glafs  of  the  73.  That  tbs 
common  Shape,  than  will  fill  it  exactly  full ;  as  that  which 

would  run  over  the  Sides,  is  more  expoied  to  the  1  ower  ^hen  the 
of  the  Air  than  any  other  Part  is  \  it  follows,  that  the  Gbfs  u 
Air  ought  to  pufh  it  back  towards  the  middle,  where  it 
ought  to  be  higher,  in  order  to  its  more  convenient  Mo-  convex « 
tion.  And  thus  we  fee  that  a  Glafs  may  be  filled  heaping 
full ,  and  that  the  lefs  the  Glafs  is,  the  nearer  does  the  Su¬ 
perficies  of  the  Liquors  it  contains  approach  to  a  Sphere  ; 
becaufe  it  does  not  fuftain  the  Weight  of  fo  great  a  Quan¬ 
tity  of  Water,  and  the  Force  of  the  Air  is  fufficient  to 
bend  it  in  this. 

74.  If  the  Glafs  be  greafy ,  or  for  any  other  Reafon  will  74* 
not  be  made  wet  j  whatever  Quantity  of  W ater  be  put  in- 

to  it,  (1)  the  Superficies  ought  always  to  be  convex  ;  be-  a  Glafs  not 
caufe  its  Figure  does  not  fo  much  depend  upon  the  ex-  ^bkhwili 
ternal  Air,  as  upon  the  Air  that  flows  between  the  inter- 

ted,  ought 

(1)  The  Superficies  ought  always)  in  Veflels  of  Gold  that  are  not  full,  a l Jo  to  he 
Thus  the  Superficies  of  Quickfilver  its  Superficies  is  concave,  as  that  of  convex, 
in  Glafs  Tubes,  is  always  gibbous,  Water  is  in  Glafs,  See  (he  Notes  on 
becaufe  it  does  not  wet  the  Glafs,  but  Art  ,69,  above, 
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nal  Parts  of  the  Glafs,  and  the  external  Parts  of  the  Li¬ 
quor  which  it  contains,  which  by  its  continual  moving 
round,  blunts  the  external  angular  Parts  which  refills  its 
Motion,  and  forces  them  towards  the  Middle,  or  elfe 
forces  them  inwards,  and  fo  caufes  the  Water  to  raife  it 
felf  up  towards  the  Middle,  where  the  Air  oppofes  its 
Paflage  lefs,  becaufe  it  cannot  get  thither,  but  by  alter¬ 
ing  and  bending  its  Courfe. 

75.  Why  75.  From  what  has  been  faid  in  the  two  foregoing  Ar- 
fome  Bodies  tjcies  we  jnfer?  that  the  Air  which  depreffes  the  Middle 
ffoTdplf  of  the  Superficies  of  the  Water  in  a  Glafs  not  full,  ought 
the  Water ,  fr0m  the  fame  Caufe,  to  drive  light  Bodies  which  fwim 
are  earned  n  an(J  touch  it  immediately,  towards  the  Sides  : 

Mdddk  to  This  I  have  experienced  in  fmall  Globules  of  Glafs  full  of 
the  Sides .  Air  and  clofed  up,  which  an  Enameller  made  as  light  for 
me  as  he  could ;  for  thefe  being  put  towards  the  Middle 
of  the  concave  Superficies  of  the  Water  in  a  ftrait 
Glafs  not  very  full,  it  was  very  pleafant  to  fee  them  dri¬ 
ven  from  thence  to  that  Side  of  the  Glafs  which  was 
neareft  to  them. 

76.7 hat  this  76.  Becaufe  I  made  ufe  of  a  fmall  Globule  of  Glafs, 

Motion  is  m  ancj  a  yefrei  Gf  the  fame,  in  this  Experiment,  fome  Per- 
Cjfyramon.  fons  perhaps,  may  imagine,  that  this  Globule  moved  to¬ 
wards  the  Side,  becaufe  it  was  attracted  by  the  Glafs : 
But  it  is  very  eafy  to  confute  this  Imagination  ;  for  not 
to  mention  the  Obfcurity  of  that  Word,  the  fame  Thing 
will  happen  in  a  Veffel  of  Wood,  or  of  any  other  Matter 
whatfoever  (1)  which  we  cannot  fuppofe  to  have  any 
Sympathy  with  the  Globule. 

77.  That  the  77.  But  that  which  evidently  overthrows  this  Opinion, 
fame  Bodies  an(J  confirms  that  which  I  have  advanced,  is,  that  if  At- 

7rlm  the&°  trattion  had  any  Thing  to  do  here,  the  Globule  ought  to 
Sides  to -  move  fwiftly  from  the  Middle  to  the  Side  of  a  convex 
•wards  the  Superficies  of  the  Water  in  a  Glafs  heaping  full  ;  for 
GhfsVeap*  befides  the  Attraction,  the  Declivity  ought  to  help  its  Mo- 
ingfulL  tion.  Which  yet  is  not  fo;  but  on  the  contrary,  it  moves 
from  the  Side  towards  the  Middle,  as  it  ought  to  do,  if 
what  I  have  affirmed  be  true  ;  becaufe,  as  was  faid  be¬ 
fore,  it  is  the  Sides  which  are  mofteXpofed  to  the  Force 
of  the  Air  ;  and  the  fame  Caufe  which  drives  the  Water 
from  the  Sides  to  the  Middle,  ought  alfo  to  drive  the  fmall 
Globule. 

(1)  Which  voe  cannot  fuppofe)  See  the  Notes  on  Chap.  xi.  Art.  15. 

78.  Biit 
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78.  But  it  is  to  be  obferved  in  thefe  Experiments,  that  78*  Why  a 
the  Body  which  floats  on  the  Top  of  the  Water,  muft  BoJy.that  i* 
immediately  touch  it,  or  which  is  the  fame  Thing,  muft  Water, when 
be  wetted  by  it,  that  the  Air  may  be  forced  to  movefwimmin£ 071 
round  them  both,  as  if  they  were  one  continued  Body.  %  Jypat°fy 
But  if  the  Body  which  floats  on  the  Water  does  not  im-  dm  the  eon - 
mediately  touch  it,  or  is  not  wetted  by  it,  we  experience  tra7  t0  a 
the  contrary ;  that  is,  the  Body  will  defcend  from  the  Sides 
towards  the  Middle ,  when  the  Superficies  of  the  Water  is 
concave ,  and  from  the  Middle  towards  the  Sides  when  the 
Superficies  is  convex,  becaufe  the  Parts  of  the  Air  which 

pafs  under  the  Body  deprefs  the  Liquor  all  round,  which 
produces  the  fame  Effe<ft,  as  if,  when  a  large  heavy 
fpherical  Body  was  fixed  upon  the  Declivity  of  a  Moun¬ 
tain,  we  ftiould  take  away  the  Earth  equally  all  round 
'  it,  and  put  Leavers  under  it  to  fupport  it ;  for  it  is  evi¬ 
dent,  it  would  by  that  means  be  difpofed  to  defcend  to  the 
Bottom  of  the  Mountain. 

79.  It  is  to  be  obferved  further,  that  when  a  Body  7  9.  How  fuck 
which  weighs  more  than  an  equal  Bulk  of  Water  fwims  Bodies  as 
upon  the  Water,  as  a  Needle  made  of  Steel  will  do,  the  jl£t  upon 
Reafon  of  it  is  this ;  that  the  Air  which  preferves  it  felf  the  Water . 
a  Paflage  between  the  Body  and  the  Water,  fupports  it 

and  hinders  it  from  finking  :  For  we  ought  not  to  think 
that  it  proceeds  from  hence,  that  the  Parts  of  the  Water 
are  harder  to  be  feparated  near  the  Superficies,  than  deeper 
in,  as  we  may  be  apt  to  imagine  ;  for  having  caufed  fome 
flmall  Needles  .to  be  made  of  Glafs,  which  were  lighter 
than  the  Steel  Needles  of  equal  Bignefs,  and  laid  them 
gently  upon  the  Water,  they  always  funk  down  to  the 
Bottom. 


80.  From  hence,  viz.  that  the  Body  dipped  in  theWa-  Zo.Why  Li¬ 
ter  will  be  moifined ,  or  not  moi/lned \  it  follows,  that  the  clu.ori  fome~ 
Water  will  rife  up  on  the  Sides  of  fome  Bodies  higher  ^tleSUet 
than  it  is  any  where  elfe,  or  that  it  will  be  deprefied  low-  of  pome  B»- 
er  The  Reafon  of  the  Firft  is,  becaufe  the  Air  which  d,es  thfart 
moves  from  one  Side  of  the  Veflel  to  the  other,  and  paf-  * a 

fes  over  the  Body,  permits  the  Liquor  to  rife  i/i  that  way . 
Hollow  which  the  Air  cannot  without  great  Difficulty  turn 
into  :  Whereas  when  it  pafles  under,  as  in  the  Second 
Cafe,  it  deprefles  the  Liquor  all  round.  And  of  this  a 
Multitude  of  Experiments  may  be  made,  and  an  infinite 
Number  of  them  are  made  without  any  Notice  being 
taken  of  them  ;  for  every  time  we  dip  our  Pen  into  the 
Ink,  we  may  obferve5  that  if  it  be  moiltned?  the  Ink  will 
y  o  i,  L  L  2  rife  > 
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rife  ;  and  on  the  contrary,  that  the  Ink  is  depreffed  about 
the  Pen  if  it  is  not  moifr. 

8 1 .  Why  tbe  gI#  If  t wo  plain  Bodies  which  the  W ater  will  wet,  fuch 
%?ccn7di  as  two  Pieces  of  clean  Glafs,  be  put  verv  near  one  ano- 
rabiy in  the  ther,  and  dipped  a  little  way  into  a  VefTel  of  Water ;  (i) 
Part  where  tiie  ^ir  which  moves  from  one  Side  of  the  VefTel  to  the 
SK*  other,  in  order  to  get  over  the  Obftacle  that  lies  in  its 
f  tied  to  each  way,  ought  rather  to  pafs  over  the  Top  of  the  two  Glaf- 
etber,  when  peSj  than  to  defcend  into  that  ftreight  Place,  which  is  be- 

'Zldaiinu  tween  them  :  So  that  the  Water  is  not  fo  much  preffed 
into  U,  here  as  it  is  in  other  Places,  where  the  Air  can  go  with¬ 
out  bending  its  Courfe  fo  much,  and  fo  it  ought  to  rife 
to  a  confiderable  Height  above  the  Level  of  the  Water 
contained  in  the  VefTel ;  and  thus  we  fee  by  Experience 


that  it  does. 

it.  Why  tbe  82.  And  there  is  no  doubt  but  that  the  Water  would 
Water  is  rjfe  higher,  if  the  two  Pieces  of  Glafs  were  clofed 
fit/e//1n  0f  on  both  Sides,  for  by  that  means  almoft  all  the  Air  which 
fmall  Glafs  moves  crofs,  without  bending  its  Courfe,  would  be  hin- 
*uhtt'  dred  from  entering  in.  Or,  which  is  the  fame  Thing,  we 
may  take  a  very  fmall  Glafs  Tube  open  at  both  Ends,  and 
dip  it  in  the  Water,  for  then  the  Air  cannot  enter  in  by 
the  Sides  :  fo  that  the  Water  mull  rife  very  high  in  fuch 
fort  of  Tubes,  if  they  be  very  (lender :  And  indeed  I  have 
made  the  Water  rife  a  Foot  high  in  a  GlafsTube  fo  fmall, 
that  one  could  fcarce  get  a  Horfe-hair  into  it. 

8 3 .  Why  it  8g.  However,  .we  muft  not  conclude  from  hence, 
does  not  rife  that  jt  ought  to  rife  on  without  End  in  thefe  fmall  Tubes ; 
E,T  for  it  is  eafy  to  fee,  that  the  Water  muft  ftop,  when  the 

Weight  of  that  which  is  rifen,  tends  downwards  with 
greater  Force  than  the  Preffure  of  the  external  Air  has  to 
thruft  it  up. 

84.  That  a  84.  If  theTube  be  inclined,  a  greater  Quantity  of  Wa- 
greater  ter  will  get  in,  becaufe,  being  fome  way  fupported  by  the 
WatTIVbt  Glafs,  it  does  not  tend  downwards  with  fo  great  Force. 
to  rife  in  an  Which  is  confirmed  by  Experience,  according  to  the  molt 
inclined  exa£t  Laws  of  Mechanicks. 

85.  'why  tbe  85.  Having  now  explained  the  Force  of  the  Air  as  a 
Water  nfet  Liquid  to  impel  Bodies  which  are  fo  clofe  to  it,  we  may 
fometimes  p  wjtjj  more  Aflurance  and  Certainty  than  we  could 

fmaiUr!tban  before,  what  the  Situation  of  a  Liquid  in  an  inverted 
the  larger  Syphon,  whofe  Branches  are  of  an  unequal  Thicknefs, 
4rm  ^  as  ls  he^e  reprefented,  will  be.  For  Example,  if  we  con- 
■  -Ton!  *  fider  only  its  Weight,  we  may  confidently  affirm,  that 

ib.  I. 


4. 


(1}  The  Air  which  moves j  See  the  Notes  on  Art .  S  5 »  of  this  Chap* 


if 
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if  the  Watef  in  the  larger  Branch,  reaches  up  to  the 
Height  AB,  it  ought  to  rife  to  the  Height  C  in  the  little 
T ube,  to  be  upon  the  Level  with  the  other :  But  we  may 
add,  that  if  this  Branch  be  fo  fmall,  (i)  that  the  Parts  of 
the  Air  cannot  turn  in  it  but  with  Difficulty,  the  Water 
will  rife  confiderably  higher  than  in  the  larger  Branch, 
fo  as  to  reach  to  D,  according  to  what  was  now 
proved. 

86.  There  are  few  of  thofe  who  enquire  after  a  per-  %6>  Anima* 
petual  Motion ,  but  when  they  fee  this  Experiment,  for 

want  of  rightly  underftanding  the  Caufe  of  it,  think  tim?  ** 
they  have  found  out  fuch  a  Motion.  And  indeed  it 
looks  at  firft  Sight  very  probable,  that  if  we  take  one 
of  thefe  Syphons,  in  the  fmaller  Branch  of  which  the 
Water  rifes  very  high,  and  bend  this  Branch  a  little  lower 
than  the  Height  which  the  Water  rifes  to,  it  might  be 
fo  ordered,  that  the  Liquor  with  which  it  is  filled  might 
run  out  into  the  larger  Branch,  in  order  to  rife  up  again 
in  the  fmaller  one,  and  fo  produce  a  perpetual  Motion : 

But  it  is  certain,  that  (2)  they  are  deceived  who  make 
this  Conje&ure 3  for  befides  that,  the  Branch  of  the  Sy¬ 
phon,  out  of  which  the  Water  is  to  run,  ought  to  be 
longer  than  the  other,  (which  is  not  fo  here,  where  the 
bent  Branch  is  in  the  Room  of  a  whole  Syphon)  it  is 
eafy  to  fee,  that  the  Water,  the  Moment  it  endeavours 
to  come  out  at  the  End  of  this  fmall  crooked  Branch, 
is  more  expofed  to  the  Force  of  the  Air,  than  that  which 
is  contained  in  the  larger  Branch  3  whence  it  follows,  that 
its  Paflage  out  muft  be  flopped. 

87.  This  will  appear  more  evident,  if  we  confider,  that  87.  That  in 
when  the  End  of  the  fmall  Tube  of  a  bent  Syphon,  a  Syphon  the 
whofe  Height  does  not  exceed  that,  to  which  the  Wa-  ^bUb'^n 
ter  will  commonly  rife,  be  dipped  into  the  Water,  it  will  very  fmall, 
immediately  be  filled  3  but  if  the  End  of  the  longer  Branch  tbe  Water 

°  ’will  not  al - 


(1)  Tbe  Parts  of  tbe  Air)  It 
looks  very  probable,  at  firft  Sight, 
as  if  the  ftiff  Particles  of  the  Air, 
either  parted  over  the  Mouth  of  the 
little  Tube  CD  j  or  elfe  fticking  in 
it,  like  little  Pieces  of  Wood  a-crofs 
it,  fupported  the  Column  of  incum¬ 
bent  Air,  fo  as  it  ihould  not  prefs 
upon  the  Water  under  it,  with  its 
ulual  Weight:  But  by  often  repeated 
Experiments,  it  is  found,  that  the 
Water  will  rife  as  high  in  fmall 
Tubes,  though  the  grofs  Air  be  ex- 
hauftcd,  See  Tbe  Exper,  of  tbe 


ways  run  out 

Academ.  del  Cimento,  p.  55.  It  is  through  tbe 
evident  therefore,  that  all  thefe  longer 
Phenomena's  are  to  be  afcribed  to  Branch, 
Attraction  1  See  tbe  Notes  above  on 
Art,  69. 

(z)  [bey  are  deceived)  It  is  mi. 
nifeft,  from  Calculation  upon  Me- 
chanick  Principles,  that  all  Que- 
ftions  about  a  perpetual  Motion  end 
in  this.  To  find  out  a  ^Veight  hea¬ 
vier  than  it  felf,  or  an  elaftick  Force 
ftronger  than  it  felf,  Which  is 
abfurd. 

L  3 
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88.  A  curi - 
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Filtration 
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qT.  What 
Dryncfs  and 
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be  not  deprefled  lower  than  ufual  beneath  the  Level  of 
the  Water  in  the  Veflel,  it  will  not  run  out  into  the 
Air,  as  it  ordinarily  does ;  whence  we  fee,  that  the  Air 
pulhes  it  back  with  greater  Force  than  it  has  to  come 
out.  - 

88.  For  a  further  Confirmation  of  a  Thing  which  has 
been  fufficiently  proved,  I  .may  add;,  that  fo  far  is  the 
Water  from  coming  eafily  out  at  the  End  of  a  fmall 
Tube,  that  fometimes.  it  will  be  forced  to  enter  and  af- 
cend  into  it,  when  it  was  entirely  without  before  :  Which 
may  be  tried,  by  holding  a  very  clean  fmall  T ube  open 
at  both  Ends  perpendicular,  and  putting  a  Drop  of  Wa¬ 
ter  upon  the  external  Superficies,  which  may  entirely  ftop 
the  Hole  at  the  lower  End,  when  it  is  got  down  thither ; 
for  then  you  will  with  pleafure  fee  the  T ube  filled  in  the 
fame  manner  as  if  the  End  of  it  was  dipped  in  a  VelTel 
of  Water*  /  *  t ; :  ,  <  . . 

89*  After  what  has  been  faid  in  the  foregoing  Articles, 
it  is  eafy  to  underftand  what  is  the  Caufe  of  the  Filtra¬ 
tion  of  the  Chymifts  :  For  the  Piece  of  Woollen  Cloth 
which  they  put  upon  the  Side  of  the  Veflel,  in  fuch  a 
manner,  as  that  one  End  of  it  is  dipped  into  the  Liquor, 
and  the  other  End  hangs  down  on  the  Outfide  lower  in 
the  Air,  refembles  a  bent  Tube,  in  which  the  Water  runs 
as  in  a  Glafs-Tube  :  And  it  matters  not,  if  this  Cloth  or 
Woollen  Tube  be  full  of  Holes  on  all  Sides,  for  the  Air 
which  moves  round  it,  prefles  in  the  Water  which  en¬ 
deavours  to  come  out  at  them,  fothat  it  is  like  one  con¬ 
tinued  Covering.  y  .  ; 

90.  Since  ourThoughts,  or  if  you  virili,  our  Conjectures 
concerning  hard  and  liquid  Bodies  are  confirmed  by  fo 
many  Experiments,  I  think  it  fuperfluous  to  add  any 
Thing  more.  Wherefore  I  fhall  finifh  this  Chapter,  with, 
only  remarking  twoThings  :  The  Firft  is,  That  if  Hard- 
nefs  and  Liquidnefs  conlift  in  Reft  and  Motion,  which 
have  their  Dependence'  upon  fomething  elfe ;  then  thefe 
Forms  are  not  Substantial^  but  only  Vitalities  or  Modes 
of  Exiftence  in  the  Bodies  [to  which  they  belong. 

91.  Secondly,  That  having  explained  the  Nature  of 
Hardnefs  and  Softnefs ,  I  have  at  the  fame  time  explained 
wherein  -Drynefs  and  Adoijlncfs  confift.  This  is  evident, 
if  we  underftand  the  W^ord  Fry  and  Moijl  in  the  Senfe 
of  the  Antients,  who  did  not  diftinguifh  them  from  hard 
and  liquid  :  As  we  may  fee  from  hence,  that  fpeaking  of 
■Moijl ,  they  ufe  the  fame  Greek  Word  as  all  Interpreters 
render  humid  or  liquid  indifferently.  It  appears  further. 
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that  I  have  explained  what  the  Nature  of  Drynefs  and 
Moiftnefs  is,  according  to  that  Senfe  which  we  now  ufe 
thofe  Words  in 3  becaufe  by  Dry, we  underftand  that  which 
will  not  wet  any  Thing  3  and  by  Moiji ,  that  which  will 
wet  a  Thing,  which  are  two  Properties  which  have  been 
fully  and  exprefsly  handled  above. 


CHAP.  XXIII. 

Of  Heat  and  Coif 

THESE  Two  Words  have  each  of  them  two  dif-  *•  Tbettbe 
ferent  Meanings  :  For  Firft,  by  Heat  and  Cold ,  we  ^Ztfand 
underftand  two  particular  Senfations  in  us ,  which  in  fome  Cold,  have 
Meafure  refemble  thofe,  which  we  call  Pain  and  Plea-  t^°tad^ffr‘nt 
fure;  fuch  as  we  feel,  when  we  touch  Ice,  or  when  we 
go  near  a  Fire.  Secondly,  by  Heat  and  Cold ,  we  un¬ 
derftand  alfo  the  Power  which  Bodies  have  to  raife  the 
forementioned  Senfations  in  us. 

2.  I  think  we  cannot  underftand  what  Heat  and  Cold, 
in  the  former  Senfe  of  the  Words,  is,  but  only  by  Expe-  thatfefo. 
rience ;  wherefore  our  Curiofity  will  be  fatisfied,  and  our  pofe  to  treat 
Pains  employed  only  in  enquiring  what  that  Power  con-  aT>4 

lifts  in,  which  certain  Bodies  have  to  warm  us,  and  alfo 
what  the  Power  confifts  in,  which  we  obferve  other  Bo¬ 
dies  have  to  cool  us. 

3.  Ariflotle  fays,  that  Heat  is  that  which  collects  to-  %» How  Ad. 
gether  homogeneous  Things,  or  Things  of  the  fame  Na -  jf^es^Heat 
ture,  and  dillipates  heterogeneous  Things,  or  Things  of  a  and  Cold. 
different  Nature  3  and  Cold ,  he  fays,  is  that  which  collets 
together,  Things  homogeneous  and  heterogeneous  indif¬ 
ferently.  The  common  Inftances  made  ufe  of  to  proye 
this,  are  Fire  3  by  the  Heat  of  which,  a  great  many  Parts 
of  Gold  may  be  collected  into  one  Mafs,  or  two  or  more 
Metals  which  are  mixed  together,  may  be  feparated  : 

And  Ice,  which  by  its  Coldnefs ,  unites  together.  Water, 

Stones,  Wood,  Straw,  fo  as  to  compofe  one  Body  of  all 
thefe  together.  . 

4.  But  it  is  to  be  obferved,  that  the  Inftance  here  gi-  ^'olleattof*- 
ven,  is  fometimes  faulty  3  for  if  a  Mafs,  compofedof  Gold,  tberPhlngt 
Silver,  and  Copper,  be  put  upon  the  Fire  in  a  Crucible,  of  ^different 
it  is  not  true,  that  thefe  Metals  will  always  clear  them- 
felves  of  each  other,  fo  as  to  be  feparated  and  placed  in  of  the  fame 

L  4  .  their  N*tun. 
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their  proper  Order,  one  upon  another,  according  to  their 
different  Weight.  On  the  contrary,  if  feveral  diftinfl 
Pieces  of  Gold,  Silver,  and  Copper  be  put  together  in¬ 
to  a  Crucible,  the  Fire  will  not  fail  to  mix  them  all  to- 
gether. 

5.  t bat  the  5.  It  is  true,  that  if  the  Fire  a&s  a  very  long  time  up- 
Proptrty  of  on  a  ]Vlafs,  compofed  of  Gold,  Silver  and  Copper  ;  the 

Silver  and  Copper  will  go  all  away  in  Smoak,  and  fo  leave 
fate  than  to  the  Gold  alone  in  the  Crucible.  But  we  ought  not  for 
eoUtEi  toge -  ^is  Reafon  to  fay,  that  the  Fire  has  a  Property  of  col- 
ther>  ledling  Things  together,  becaufe  this  perhaps  is  only  ac¬ 
cidental,  that  is  to  fay,  by  diffipating  the  Firft,  which 
refills  its  Force  lefs,  the  Gold  remains  alone,  or  laft,  be¬ 
caufe  it  refills  its  Force  more.  In  the  lame  manner,  as 
if  Saw-Duft,  and  the  Filings  of  Lead  were  mixed  toge¬ 
ther  in  a  Plate,  we  can  with  our  Mouths  blow  away  the 
Saw-Duft,  and  leave  the  Lead-Filings  alone  in  the  Plate. 
For  it  is  evident,  that  it  is  only  the  Refiftance  of  the 
Pieces  of  Gold,  which  is  the  Caufe  of  that  Metal’s  being 
thus  feparated  from  the  Silver  or  Copper.  For  if  it  be 
left  after  this  upon  the  Fire,  it  will  continually  diminilh 
by  little  and  little,  till  it  intirely  vanilhes,  as  Refiners  have 
tried  ;  and  this  is  what  they  mean  when  they  fay,  there  is 
no  Gold  of  24  Carats,  that  is,  none  that  can  be  refined 
fo  pure. 

6.  That  6.  But  if  it  was  true,  that  Heat  always  colle&ed  toge- 

Ariftotle  ther  homogeneous  Things,  and  dillipated  heterogeneous 

wlaf'Uaf  ones?  and  that  Cold  colle&ed  together  all  forts  of  Bodies 
and  Cold  do ,  indifferently,  this  would  indeed  teach  us  what  Heat  and 
hut  not  what  Cold  doy  but  not  at  all  tell  us  what  they  are :  But  Ar  - 

they  are.  has  been  excufe(j  in  this,  by  faying,  that  in  defining 

Heat  and  Cold  as  he  has  done,  he  did  not  fo  much  follow 

his  own  Opinion,  as  that  of  others. 

7.  What  the  7-1  don’t  know  whether  his  Interpreters  have  it  right, 
opinion  of  when  they  pretend,  that  his  Opinion  was ;  that  Heat ,  in 
his  Interpret  tjje  jrire^  for  Inftance,  is  fomething  in  the  Fire  like  that 

*fng  He'atand  Senfation  which  is  raifed  in  us,  when  we  approach  the 
Cold  is.  Fire.  And  fo  likewife,  that  Cold  in  Ice,  is  fomething  in 
Ice  very  like  that  Senfation  in  us,  which  arifies  from  touch¬ 
ing  it.  (1)  Becaufe  in  his  II.  Book  of  the  Soul,  Chap.  xii. 
after  he  had  fhown  that  Senfation  is  a  Pajfion ,  he  fays, 
that  the  Moment  any  Senfation  is  raifed  in  us,  we  be¬ 
come  like  the  Objedl  that  raifes  it. 

(1)  Becaufe  in  his  II  .Book)  Th:s  fays,  pzv  to  otvopoiov 

Place  is  not  in  that  Chapter,  but  in  fo  k  option  IfW. 

the  vth  Chap,  of  the  fame  Booh,  he  '  _  _ 

'  8,  But 
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8.  But  whether  Arijlotle  was  of  this  Opinion  or  no,  8.  That  they 
thus  much  is  certain,  that  they  have  no  Proof  of  what  b£™nfftion 
they  affirm ;  for  it  is  no  Proof  to  fay  as  they  do,  that  jor  their 
the  Fire  cannot  give  that  which  it  has  not ;  becaufe  opinion, 
taking  the  Word  give,  in  the  Senfe  here  ufed,  there  is  no 

doubt  but  that  the  Needle,  when  it  pricks  us,  gives  us 
Pain,  and  yet  there  is  no  reafon  to  believe  from  hence, 
that  the  Needle  has  in  it  any  Pain  like  that  which  it 
caufes  in  us. 

9.  Farther,  the  Heat  of  the  Fire,  and  the  Cold  of  Ice  s>Tbat  it  it 
being  Properties  or  Qualities  belonging  to  Bodies  which  abf°lutelJ 
every  one  acknowledges  to  be  inanimate,  they  cannot  be*'  “  ’ 
like  the  Senfations  which  we  feel  by  their  Means,  be¬ 
caufe  thefe  Senfations  belong  to  us  as  animate  Creatures. 

And  becaufe  the  fame  Thing  may  fometimes  happen  to 
raife  in  us  two  different  Senfations  at  the  fame  time,  it 
will  follow  from  their  Opinion,  that  the  fame  Thing  may 
be  hot  and  cold  at  the  fame  time,  which  is  impoffible ; 
yet  the  Air  which  we  breathe  out  of  our  Mouths,  may 
at  the  fame  time  feel  hot  or  cold  according  as  it  is  diffe¬ 
rently  applied  to  our  Hands  in  blowing  upon  them. 

10.  By  reflecting  upon  this  Experiment,  which  fhows  ^o.Inwbae 
us,  that  the  fame  Air  feels  hot  or  cold,  not  only  from  its  *£‘t  g e0af°{ 
being  applied  in  a  different  manner  to  our  Hands,  but  confifit, 
alfo  from  the  different  manner  of  making  it  come  out 

of  our  Mouths ;  it  is  eafy  to  conjecture,  that  the  Heat  of 
a  Body  conlifts  in  a  peculiar  Motion  of  its  Particles.  And 
becaufe  the  nearer  we  put  our  Lips  together,  and  make 
the  Air  come  out  quicker  and  ftronger,  the  lefs  we  feel 
the  Heat ;  hence  we  conclude,  that  the  Heat  of  a  Body 
does  not  confift  in  the  direCfc  Motion  of  its  Parts.  Now 
whatever  is  in  Motion,  either  moves  on  direCtly,  or  elfe 
has  an  unequal  and  irregular  Motion,  as  it  were  about 
its  own  Center ,  from  whence  we  may  infer,  that  the 
Air  which  comes  out  of  our  Mouth,  befides  that  direCt 
Motion,  by  which  the  Whole  of  it  is  removed  from  one 
Place  to  another,  it  has  alfo  a  great  many  of  its  Particles 
moved  round  with  a  circular  Motion  about  their  own 
Centers :  By  which  means  thofe  which  are  applied  to  our 
Hands,  with  this  fort  of  Motion,  excite  in  us  a  kind  of 
Tickling.  And  becaufe  it  is  this  kind  of  Motion  which 
raifes  in  us  the  Senfation  of  Heat,  we  ought  alfo  to  con¬ 
clude,  that  the  Heat  of  Bodies  confijls  in  this  Sort  of  Motion 
of  their  fmall  Parts, 


n,  So 
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1 7*  The  V. 

Example . 


1 1.  So  that  what  is  in  the  Object  is  very  different  from 
the  Senfation  which  it  raifes.  And  this  ought  not  to  be 
thought  more  ftrange,  than  the  Difference  there  is  be¬ 
twixt  the  Figure  and  Motion  of  a  Needle,  which  pricks 
us,  and  the  Pain  which  it  caufes.  For  as  it  is  evident 
from  the  Inflance  of  Pain,  that  the  Soul  being  united  to 
the  Body,  it  is  the  Appointment  of  Nature,  that  certain 
Perceptions  of  the  Soul  fhould  follow  from  certain  Mo¬ 
tions  or  Divifions  which  the  Needle  caufes  in  the  Body : 
So  alfo  we  ought  to  think,  that  Nature  has  appointed 
that  from  that  particular  Manner  in  which  our  Body  is 
moved  by  the  Fire,  there  fhould  arife  a  particular  Percep¬ 
tion  ;  and  this  is  what  we  call  Heat,  taking  it  in  the  for¬ 
mer  Senfeof  the  Word. 

12.  This  is  confirmed  by ‘Experience,  which  teaches 
us,  that  many  Bodies  are  made  capable  of  warming  us, 
to  which  we  cannot  fufpecf  any  Thing  has  happened  but 
only  Motion.  It  is  to  no  purpofe  to  inftance  in  them 
ail  :  I  fhall  content  my  felf  with  the  following  Ex¬ 
ample. 

13.  And,  Firft,  It  is  certain  that  when  our  Hands  are 
very  cold ,  we  find  by  Experience,  that  if  they  be  rubbed 
a  little  while  together ,  we  fhall  feel  a  confiderable 
Heat. 

14.  Secondly ,  As  was  before  obferved.  Lime  having  cold 
Water  poured  upon  it ,  though  it  was  before  cold,  will  ac¬ 
quire  fuch  a  Motion  of  its  Parts,  that  they  will  be  all 
dif-united  in  a  fhort  time,  and  by  that  Means  will  be¬ 
come  capable  of  heating  us  in  fuch  a  manner,  that  it  will 
be  very  painful  to  hold  it  in  one’s  Hand. 

15.  Rotten  Dung ,  that  is,  fuch  as  diffipates  it  felf  by 
little  and  little,  becomes  To  hot,  as  to  ferve  inftead  of  a 
moderate  Fire  in  many  Chymical  Operations.  And  Chy- 
miftry  furnifhes  us  with  many  other  Examples  not  fo  com¬ 
mon,  which  ought  to  be  more  known  to  the  World  than 
they  are. 

16.  For  Inflance,  if  a  few  Filings  of  Brafs  be  thrown 
into  a  large  Veffel  in  which  is  a  little  Aqua  fortis ,  it  will 
immediately  raife  fuch  a  Fermentation,  that  the  Bottle 
will  feem  quite  full,  and  at  the  fame  time  will  be  fo  hot, 
that  we  cannot  touch  it  without  being  burnt. 

17.  Further,  If,  as  was  before  faid,  Oil  of  Vitriol  and 
Oil  of  Tartar  be  mixed  together,  though  feparately  nei¬ 
ther  of  them  are  combuftihle,  they  will  immediately  ac¬ 
quire  an  incredible  Fermentation  on  a  fudden,  and  at  the 
fame  time  a  very  fenfible  degree  of  Heat 


18.  It 
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18.  It  is  true,  that  in  thefeSort  of  Examples,  it  may  18.  The  vi. 
with  fome  Reafon  be  faid,  there  is  fomething  that  we  do  ExamPle* 
not  throughly  underRand,  wherefore  I  fhall  Ray  a  little, 

before  I  fay  what  the  Caufe  of  thefe  furprizing  Motions 
may  be  :  To  come  therefore  to  fome  more  familiar  In- 
Rances  ;  we  obferve,  that  two  hard  Bodies  rubbed  againfl 
one  another ,  do  fo  agitate  the  Parts  of  each  other,  as  not 
only  to  burn  us  when  we  touch  them,  but  their  Motion 
will  increafe  to  fuch  a  Degree,  as  to  fet  each  other  on 
Fire.  Thus  in  very  dry  Weather,  the  Wheel  and  the 
Axle-Tree  of  a  Chariot,  when  it  goes  very  quick,  and  in 
general,  all  Sorts  of  Engines  which  are  made  of  Matter 
that  will  burn,  and  which  move  very  quick,  are  apt  to 
take  Fire.  Nothing  is  more  common,  than  to  fee  a 
Wimble  grow  hot  in  boring  a  Hole  in  a  hard  thick  Piece 
of  Wood.  So  likewife,  if  we  file  or  Jharp  a  Piece  of  Iron 
or  Steel,  it  will  grow  fo  hot  fometimes  as  to  lofe  its  Tem¬ 
per.  And  a  Saw ,  which  the  Wood  will  not  eafily  yield 
to,  acquires  a  very  notable  Heat.  But  nothing  fooner 
takes  Fire  than  a  fmall  Piece  of  Flint  or  of  Steel ,  which 
is  Rruck  off,  and  put  into  a  violent  Motion  by  Rriking 
thefe  two  againR  each  other.  Now  in  all  thefe  In- 
ftances,  there  is  nothing  added  to  thefe  Bodies  but  Mo¬ 
tion. 

19.  All  the  Antients  who  have  confidered  the  greateft  19.  An  Ex - 
Part  of  thefe  Experiments,  have  afferted  that  Motion  is 

the  Principle  of  Heat  ;  which  I  acknowledge  with  them  ef  the  An ^ 
to  be  true;  if  by  Motion  they  mean  the  Motion  of  the  dents  con 
whole  Bodies ,  which  is  the  Caufe  of  the  two  Bodies  rub-  Csrninideatt 
bing  againR  each  other ;  but  if  by  Motion  they  mean  the 
Motion  of  their  inj. enfible  Parts ,  I  think  they  have  no.t  faid 
enough  :  For  the  Motion  of  thefe  Parts,  is  the  very  Heat 
it  felf  of  thofe  Bodies. 

20.  I  fee  no  Objection  that  can  be  made  againR  this  :  %0;wf>y  a 
For  when  they  object,  in  order  to  fliow,  that  Motion  is  Cannon  Ball 
not  ( 1 )  the  Principle  or  Caufe  of  Heat,  that  a  Ball  out  of  ^y^juick* 
a  Cannon  which  moves  very  quick,  does  not  burn  the  does  not g row 
Wood  which  it  enters  into  ;  or  that  a  Musket  Bullet  does  hot  nor  burn% 
not  burn  the  Wood  which  it  penetrates,  though  it  be  very 

dry  ;  this  contradicts  the  Opinion  of  thofe  only  who  pre¬ 
tend  that  Heat  confiRs  in  the  Swiftnefs  of  the  Motion  of 
all  forts  of  Bodies  how  grofs  foever.  But  this  Objection 
makes  nothing  againR  us,  who  affirm,  that  Heat  confiRs 
in  the  different  and  violent  Agitation  of  the  infenfible 

(i)  7 hi  Principle  or  Cavje  of  Heat)  Is  not  the  Heat  it  felf. 
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Parts  of  Bodies.  But  when  a  great  Bullet  moves  very 
quick,  its  Parts  may  be  at  reft  with  refpecft  to  each  other, 
and  therefore  it  is  no  wonder  that  they  don’t  burn  the 
Bodies  which  they  touch. 

21.  Why  the  21.  If  we  reflect  upon  what  has  been  faid,  we  fhall 
Nave  of  a  not  at  all  wonder,  that  the  Bands  of  Iron  which  are  about 
Wrowsbo'  a  Wheel  do  not  grow  hot  as  it  does  in  the  Middle ;  for 
and  not  the  though  they  defcribe  larger  Spaces  by  their  Motion,  yet 
Fellows.  notwithftanding  this,  their  Parts  are  not  agitated  with  re- 

fpe£t  to  each  other,  as  thofe  in  the  Middle  are,  which 
continually  rub  againft  the  Axle-tree. 

22.  Why  a  22.  We  may  very  eafily  anfwer  a  great  many  Queftions 
Piece  of  iron  which  may  be  put  to  us  by  thofe  who  will  not  allow  that 

the  Form  of  a  hot  Body  confifts  only  in  the  Motion  of  its 
but  not  the  fmalleft  Parts  :  Thus  when  they  ask,  how  it  is  poflible, 
Fl/e •  that  when  a  Piece  of  Iron  fixed  in  a  Vice,  is  filed,  the  Iron 
grows  confiderably  hot,  but  the  File  which  moves  upon  it 
is  fcarce  warm  at  all:  It  is  eafy  to  anfwer,  that  the  Parts 
of  the  File  moving  upon  the  Iron,  and  continually  grating 
it,  not  only  with  its  own  Parts,  but  alfo  with  fome  of 
the  Parts  of  the  Iron  which  it  has  rubbed  off,  and  which 
remain  fometime  between  its  T eeth,  muft  neceflarily  ex¬ 
cite  a  very  great  Agitation  of  the  Parts  of  the  Iron 
which  is  filed,  and  confequently  heat  it  very  fenfibly.  But 
this  is  not  the  Cafe  of  the  File ;  for  though  its  Parts  are 
grated  as  much  as  thofe  of  the  Iron,  yet  becaufe  it  is 
longer,  the  fame  T  eeth  do  not  twice  together  touch  the 
Body  which  it  grates,  but  there  is  always  fome  fmall 
diftance  of  Time,  between  the  two  Rubs  of  the  Parts 
of  the  File  ;  during  which  time,  that  Place  which  may 
have  begun  to  acquire  fome  fmall  Heat,  may  lofe  it 
again. 

Why  Iron  23*  There  are  fo  many  Things  to  be  confidered  in  this 

when  it  is  Experiment,  that  a  fmall  Difference  alters  all  the  Circum¬ 
ii lle?t£r°iba  ftances*  Whence  it  is,  that  a  Piece  of  Copper  or  Lead, 
other  Medals,  when  it  is  filed,  ought  not  to  grow  fo  hot  as  Iron,  both 
becaufe  Copper  and  Lead  are  not  fo  ftiff,  and  becaufe  it 
is  eafier  to  feparate  their  Parts  than  the  Parts  of  Iron  ; 
fo  that  the  File  being  never  applied  twice  together  to  the 
fame  Part  of  the  Body  which  it  grates,  it  cannot  fhake 
its  Particles  fo  much  :  And  this  is  fo  true,  that  if  we  try 
to  file  a  Piece  of  Copper,  with  an  old  worn  File,  which 
will  {have  off  but  a  little  at  a  time,  the  Heat  will  be  as 
great  as  that  produced  in  the  Iron. 


24.  Now 
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24.  Now  if  any  one  asks,  why,  in  fawing  a  Plank  *4*  Why  a 
of  Wood,  the  Saw  grows  hot  and  not  the  Wood :  I  an-  YnTnlt 
fwer,  that  the  Plate  of  the  Saw,  flicking  in  the  Slit  of  t, be mod. 
the  Wood,  and  being  rubbed  againfl  each  Side,  the 

Parts  of  it  muft  be  fenfibly  fhaken  :  Whereas  it  is  evi¬ 
dent,  that  the  Plank  ought  not  to  grow  hot  in  the  Place 
againfl  which  the  T eeth  of  the  Saw  go,  for  the  Reafon 
juft  now  given,  viz.  becaufe  it  cuts  the  Parts  off ;  nei¬ 
ther  ought  it  to  grow  hot  on  the  Sides,  efpecially  if  the 
Wood  be  eafy  to  faw,  becaufe  the  Saw  advances  further 
and  further  into  the  Slit,  and  fo  does  fcarce  twice  toge¬ 
ther  touch  the  fame  Part  of  the  Wood. 

25.  It  is  true,  that  if  the  Wood  be  very  hard,  and  M0™ 
difficult  to  faw,  and  if  the  Saw  flicks  in  the  Slit  which  it  Z'bZflwn 
makes,  the  Plank  will  then  become  pretty  hot;  but  we  may  grow 
{hall  not  be  able  to  perceive  it  by  our  Touch,  becaufe  boU 

the  Parts  of  the  Wood  being  large,  lofe  their  Motion  in 
a  Moment,  and  it  will  take  fome  time  to  pull  out  the 
Saw,  and  to  open  the  Slit  fo  wide  as  to  put  our  Hand  in 
to  feel.  But  though  we  cannot  perceive  it  by  our  Touch, 
we  may  fee  it  with  our  Eyes  ;  for  the  Places  againfl 
which  the  Saw  for  fome  time  grated  look  burnt,  as  if 
they  had  been  in  the  Fire.  And  it  happened  fome  time 
ago,  that  defignedly  fawing  a  Piece  of  hard  Wood,  fixed 
in  a  Vice,  in  a  Smith’s  Shop,  with  a  Saw  which  ftuck 
in  the  Slit  it  made,  I  at  firft  perceived  a  Smell  like 
burnt  Wood,  and  continuing  to  faw  the  Wood  with 
greater  Force,  feveral  Sparks  came  out  of  it. 

26.  The  Experiment  which  feems  to  be  the  moft  con-  26.  Why  & 
trary  to  the  Principle  we  have  laid  down,  is,  that  if  we 

drive  with  a  Hammer  a  large  Nail  into  a  piece  of  hard  wood* 
Wood,  we  fhall  not  find  it  grow  warm  while  it  is  dri-  with  a 
vingin,  but  after  it  is  in,  and  the  Hammer  does  nothing 
elfe  but  beat  the  Head  flat,  then  it  will  begin’  to  acquire  grow  ^ 
fome  Heat :  Yet  is  there  nothing  in  this,  but  what  per¬ 
fectly  agrees  with  our  Notion  of  Heat.  For  as  we  make 
it  to  confift  wholly  in  the  Agitation  of  the  fmall  Parts 
of  the  Body ;  it  is  certain,  that  the  Nail  ought  not  to 
grow  hot,  when  it  is  moved  all  together  in  entring  into 
the  Piece  of  Wood  ;  but  that  it  ought  then  to  begin  to 
grow  hot,  when  it  ceafes  to  move  fo,  and  its  Head  begins 
to  be  made  flat ;  for  it  is  then  only  that  the  fmall  Parts 
begin  to  be  in  Motion,  and  acquire  an  Agitation  fuffici- 
ent  to  Heat.  And  indeed,  when  the  Head  of  a  Nail  is 
made  flat,  all  that  is  done,  is,  that  there  are  by  that  Means 
fewer  Parts  placed  cue  upon,  another,  and  more  by  each 
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other’s  Sides  ;  which  cannot  be,  but  by  the  Motion  and 
Agitation  of  thefe  Parts,  which  by  their  beating  againft 
each  other,  caufe  that  trembling  in  which  Heat  confifts. 

27.  Having  thus  endeavoured  to  anfwer  the  Objetftions 
that  might  be  made  againft  us  ;  we  come  now  to  draw 
fome  Confequences  from  what  we  have  laid  down  ;  be- 
caufe  if  thefe  agree  with  Experience,  they  will  help  to 
confirm  us  in  this,  that  we  are  not  far  from  the  T ruth. 
In  the  firft  Place  then,  let  us  confider,  that  feeing  Heat 
confifts  in  a  certain  Motion,  or  a  certain  Agitation  of 
the  fmall  Parts  of  a  Body ;  it  is  certain,  that  the  more 
the  Parts  of  the  Body  are  thus  moved  or  agitated,  the 
greater  will  the  Heat  be.  Now  it  is  evident,  that 
(1)  Flame  is  more  agitated  than  any  other  Body  which 
comes  under  our  Senfes.  For,  for  Example,  it  is  this 
violent  Agitation  of  the  Parts  of  the  Wood  which  nou- 
rifh  the  Flame,  that  makes  the  greateft  Part  of  them 
fly  away,  and  that  of  all  the  Wood  that  can  be  burnt  in 
a  Day,  fo  very  little  remains  in  Afhes ;  which  we  do 
not  find  in  the  forementioned  Inftances,  where  there  is 
only  a  moderate  trembling  of  the  Parts  of  the  Bodies 
which  is  not  fufficient  to  dif-unite  them  entirely.  And 
this  is  the  Reafon  why  Flame  ought  to  be  the  hotteft 
Thing  in  the  World,  as  every  Body  knows  it  is. 

28.  However,  this  muft  be  underftood  with  fome  Re- 
ftridfion,  that  is,  if  they  agree  in  all  other  Particulars  ; 
for  it  is  not  inconfiftent  herewith,  that  there  fhould  be 
fome  Bodies  hotter,  and  more  capable  of  heating  than 
Flame,  if  they  confift  of  more  folid  Particles,  and 
confequently  fuch  as  are  more  capable  of  Agitation; 
wherefore  Iron ,  though  it  be  not  red  hot,  will  burn  more, 
if  we  touch  it,  than  the  Flame  of  Straw ,  or  Spirit  of 
Wine  will  do. 

29.  The  Difference  that  there  is  betwixt  the  Groffnefs 
of  the  Particles  into  which  the  Bodies  that  are  burnt  are 
refolved,  is  the  Caufe  of  fo  much  Difference  in  th t  Flames, 
Thus,  Oak  being  more  folid  than  Straw ,  but  not  fo 
folid  as  Sea-Coal  \  their  Flames  are  alfo  proportionably 
more  or  lefs  burning  or  ftrong  one  than  another  :  And 
the  Ufe  that  Smiths'  make  of  them,  according  as  they 
have  occafion,  ftiows  plainly,  that  Sea-Coal  atfts  more 
ftrongly  than  all  other,  becaufe  when  they  would  heat  a 

(1)  Flame  it  mere  agitated)  Con-  Fire,  See  Part  the  II Id,  and  the 
cerning  the  Nature  of  Flame  and  'while  ijti  GbapK  with  the  JNotes, 

i  Piece 
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Piece  of  Iron  very  much,  they  prefer  this  Coal  to  all 
others. 

30.  When  a  Body  melts,  and  liquifies,  as  I  may  call  How 
it,  by  little  and  little  into  Flame,  it  is  impofiible  but  that  ^uhBodi\ 
the  Particles  which  fiipand  rub  one  againft  another,  muft  ™nd  dm!-'* 
be  diminifhed  and  broken  into  a  thoufand  Pieces,  and  fo  "*/&«'** 
make  a  very  fine  Duft,  which,  that  it  may  continue  to  BulkoStbm‘ 
move  with  that  violent  Agitation  which  it  has  acquired, 

gets  off  from  that  Mafs  of  which  it  was  before  a  Part, 
and  flies  into  the  Air  ;  which  is  what  we  call  exha¬ 
ling  or  evaporating  :  And  hence  it  is,  that  the  Fire 
has  the  property  of  diminijhing  all  Bodies  which  it  ads 
upon. 

31.  This  being  allowed,  there  is  no  Difficulty  in  re-  Why 
folving  that  Queltion  commonly  asked,  viz.  How  it  is  Beat  bar « 
poffible  that  Heat  fhould  produce  at  the  fame  time  two  deut  cJay 
feemingly  contrary  Effeds  :  Such  as  hardning  of  Clay ,  WaxT 
and  Jt ft ning  of  JVax.  In  order  to  this,  we  need  only  ob- 

ferve,  that  day  is  compofed  of  two  Things  that  are 
very  different  from  each  other,  'viz.  Earth  and  Water ; 
the  Latter  of  which  may  very  eafily  be  evaporated,  be¬ 
fore  the  Particles  of  the  Former  are  confidently  fhaken  ; 
and  fince  the  day  is  foft  for  no  other  Reafon,  but  becaufe 
the  Particles  of  the  Water  are  in  fome  fort  of  Agitation, 
amongft  the  Particles  of  the  Earth,  to  which  they  be¬ 
long  ;  it  muft  needs  be,  that  when  the  Water  is  all  eva¬ 
porated,  and  the  Particles  of  the  Earth  remain  alone, 
they  will  reft  againft  each  other,  by  their  own  Weight, 
and  fo  by  that  means  compofe  a  hard  Body.  On  the  con- 
trary,  the  Parts  of  Wax  are  pretty  near  equal;  fo  that 
the  grofier  Particles  are  agitated  before  any  confiderable 
Quantity  of  the  fmaller  ones  can  fly  away.  And  there¬ 
fore  all  the  Particles  of  a  Piece  of  Wax  being  a  little  in 
Motion  at  the  fame  time,  compofe  together  a  foft 
Body. 

32.  It  may  be  obferved  alfo,  that  the  Heat  muft  be  32.  Tbattbe 
but  moderate,  to  harden  Bodies  :  For  if  it  be  very  vio-  Beat  needs 
lent,  it  will  make  them  liquid.  And  thus  we  fee,  that  ZLl  17 
Flame  melts  not  only  Metals,  but  alfo  Afhes,  Sand, 

Stones,  and  Flints,  of  a  Compofition  of  which  all  Sorts  dies% 

of  Glafs  are  made. 

.  33-^Ji'rom  the  different  Degrees  of  Heat,  and  the  va-  33.  Hew 
nous  Texture  of  the  Parts  of  which  a  Body  is  compo-  Heat  rari~ 
fed,  we  may  conclude,  that  very  different  Effedh  will  b /Zt* 
produced  :  For  firit,  If  a  Body,  whofe  Particles  are  very 
clofe  to  one  another,  be  confiderably  hot,  whatever  the 
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Figure  of  thefe  Particles  be,  fo  they  be  not  exa<ftly  round, 
when  they  are  agitated  or  turned  round  their  Centers,  their 
angular  Points,  or  the  Parts  which  are  moft  diftant  from 
the  Center,  muft  neceflarily  meet  one  another,  and  turn 
one  another  out  of  the  Way ;  whence  it  follows,  that 
the  Heat  will  caufe  a  Rarefaction  in  this  Body,  as  we  fee 
in  Milk,  and  all  other  Liquors  ;  and  alfo  in  moft  hard 
Bodies,  in  which  few  or  none  of  their  Particles  fly  off 
when  they  are  hot :  Thus  red-hot  Iron  is  fomething  big¬ 
ger  than  when  it  is  cold. 

34.  But  if  the  Particles  of  a  Body  be  very  fmooth ,  and 
eafy  to  be  put  in  Motion ,  and  yet  are  fo  placed  with  rejpefi 
to  each  other ,  as  fcarce  to  touch  one  another ,  fo  that  the 
Compofition  is  very  rare  ;  a  very  little  Heat  coming  upon 
it,  and  fhaking  the  Particles,  may  caufe  them  to  approach 
nearer  one  another,  and  the  whole  Body  may  be  by  this 
means  condenfed.  And  thus  we  experience,  that  Heat 
when  it  melts  Snow,  reduces  it  into  a  lefs  compafs. 

35.  And  becaufe  the  Particles  of  almoft  all  liquid  Bo¬ 
dies  muft  every  Moment  bend  themfelves,  or  fome  way 
alter  their  Figure,  in  order  whereunto,  they  muft  be  mo¬ 
ved  with  fufflcient  Force;  therefore  if  the  Heat,  or  that 
which  forces  them  to  move,  or  fo  agitates  them  as  to 
make  them  liquid  as  ufual,  does  almoft  wholly  ceafe, 
all  that  the  Particles  can  do,  with  that  little  which  they 
have  remaining,  will  be  to  move  themfelves  without 
bending  fo  much  as  is  neceffary  to  join  them  together  : 
And  then  the  Liquor  will  be  rarified  a  little,  and  after  it 
is  fo  rarified,  the  Addition  of  the  leaft  degree  of  Heat, 
will  caufe  its  Parts  to  approach  nearer  one  another  again. 
Thus  Water  is  a  little  rarified  before  it  freezes,  and  is 
condenfed  again  by  the  leaft  Heat  that  can  be.  But  be¬ 
caufe  fome  Skill  and  Pains  is  requifite  to  prove  this  by 
Experience ;  I  will  fet  down  the  Means  I  made  ufe  of 
to  make  it  appear  fenfibly. 

36.  I  caufed  a  Glafs  VefTel  to  be  made  like  that  in  the 
Figure,  thelargeft  Mouth  of  which  is  at  A,  and  the  other 
at  B,  the  End  of  the  fmall  T ube  BC,  which  is  very  flen- 
der:  I  poured  Water  into  the  Hole  A,  ’till  the  Veflel 
was  full,  and  confequently  ’till  it  arofe  up  to  D,  in  th& 
fmall  Tube,  then  I  flopped  up  the  Mouth  A  clofe  with 
foft  Wax,  and  a  Hog’s-Bladder  tied  on  :  Having  thus 
prepared  it,  if  the  Heat  of  the  Air  be  fo  diminiftied, 

that 
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that  the  Water  be  very  hear  freezing,  (1)  it  will  fwell, 
and  rife  up  to  the  Mouth  B,  where  it  will  fometimes  run 
over  a  little:  Then,  if  we  put  our  Hand  or  any  other 
Thing  that  is  warm,  to  the  VefTel,  we  fhall  fee  the  Wa¬ 
ter  condenfe  it  felf,  and  fink  in  the  fmall  Tube  almofl 
down  to  the  Bottom  C.  It  is  true  indeed,  that  if  we 
continue  to  heat  the  VefTel,  the  Water  contained  in  it, 
will  begin  to  dilate  it  felf  again,  the  Reafon  of  which,  is 
that  which  I  have  now  given. 

37.  Becaufe  we  can  move  our  felves  with  greater  Eafe  37* 

in  the  Air  than  in  the  Water,  this  is  a  Proof  that  the  ty  0jyeat) 
Parts  of  the  Air  are  much  finer  than  thofe  of  Water,  maybtdc- 
Wherefore  the  leaf!  Heat  that  can  be,  muff  dilate  the 
Air  y  and  confequently.  The  Quantity  of  the  Rarefaction  of  faaion  of 
the  Air^  will  very  exactly  Jhow  the  Quantity  of  ‘  Heat  here  tb*  du. 
on  the  Earth ;  that  is  to  fay,  we  can  judge  that  it  is  hotter , 
one  Day  of  the  Year  than  another,  by  obferving  in  which 
of  thefe  two  Days,  the  Rarefaction  of  the  Air  is  greateft. 

38.  Now  in  order  to  make  this  Rarefaction  fenfible,  3g#  ^ 
there  has  been  invented  in  our  Days  an  Inftrument  called  fcription  of 
a  Thermometer ,  pretty  like  that  in  the  Figure  :  DF  is  a 

very  fmall  Tube  of  Glafs  about  two  Foot  long,  like  a  Tab. 
Neck  belonging  to  the  Bottle  A,  which  is  Glafs  alfo,  Fig*  i* 
and  about  as  big  as  a  Tennis-ball.  T  he  lower  End  is 
bent  and  made  large,  fo  as  to  form  another  Bottle  marked 
F,  which  needs  not  be  fo  big  as  the  Bottle  A,  and  has  a 
fmall  Hole  made  in  it  at  B. 


39.  The  Thermometer  is  at  firfl  entirely  empty,  that  is,  39  The 
full  of  Air  only,  part  of  which  is  forced  out,  by  heating 
the  Bottle  A,  at  the  fame  Time  that  the  other  Bottle  F  is  and  tbeUfe 
dipped  into  a  VefTel  of  Aqua-fortis ,  tinCtured  of  a  Green  °f  tbe  Tber - 
Colour*  by  difTolving  a  Piece  of  Copper  in  it.  We  mom*tcr' 
choofe  Aqua-fortis  rather  than  common  Water,  becaufe 
it  is  not  fo  fubjeCt  to  freeze,  and  does  not  fo  eafily  eva¬ 
porate.  As  the  Air  remaining  in  the  Thermometer  grows 
cool,  it  has  not  Force  enough  to  preferve  that  Bulk  which 
it  had  before,  and  fo  is  obliged  to  retire  up  into  the  Glafs, 
and  leave  Room  for  the  Aqua-fortis  y  which  by  its  own 


(1)  Ii  •will  [well)  Becaufe  its  by  flopping  the  Motion  of  their  p 

Parts  are  made ftift,  by  the  Mixture  Parts  contrails  and  condenfes  Glafs  p- 

of  Nitrous  Particles,  and  of  other  and  other  Bodies-  bee  the  Expert-  45 

Salts.  (  See  the  Notes  on  Art,  rf 4..)  merits  of  the  Acad,  ad  Cimentot 

However  it  muft  be  acknowledged,  p.  109,  &c.  The  Water  therefore 

that  fomething  ought  to  be  allowed  a  little  before  it  freezes,  rifes  in  "he 

for  the  Contraaion  of  the  Glafs.  Tube CB,  partly  becaufe  it  is  a  little 

For  as  Heat  by  encreafing  the  Mo-  rarifled  ,  and  partly  becaufe  the 

tion  of  the  Parts,  dilates  and  ex*  Glafs  AC  is  a  little  condenfed  by 

tends  Glafs  and  ether  Bodies,  fo  cold  the  Cold, 
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Fig.  2. 


Weight,  aflifted  by  that'  of  the  external  Air,  gets  into 
the  Bottle  F,  and  from  thence  rifes  up  in  the  Tube  to¬ 
wards  €.  After  this,  the  Inftrument  is  taken  out  of  the 
VefTel  in  which  it  was  dipped,  and  without  doing  any 
Thing  more  than  fixing  it  in  a  Wooden  Frame,  marked 
with  feveral  Divifions,  it  {hows  how  much  hotter  it  is 
at  one  time  than  another. 

40.  For  the  more  the  Green  Liquor  is  forced  to  de- 
feend  by  the  Rarefa&ion  of  the  Air  in  the  upper  Part  of 
the  Tube,  the  hotter  it  is  in  the  Place-  where  the  Ther¬ 
mometer  is  fixed  :  And  on  the  contrary,  it  is  a  Sign  of 
greater  Cold,  when  this  Liquor  rifes  higher,  becaufe  this 
{hows  that  the  fame  Air  has  not  Force  fufficient  to  pre- 
ferve  its  Bulk,  but  is  obliged  to  give  way  to  the  Aqua¬ 
fortis. ,  which  the  Weight  of  the  external  Air  thatprefles 
upon  the  Hole  B,  continually  forces  to  rife  up  as  high  as- 
it  can  in  the  T ube  DF. 

41.  However,  we  muff  take  care  not  to  be  deceived 
in  the  J udgement  we  make  of  the  Heat,  by  barely  look¬ 
ing  on  the  Thermometer  ;  beeaufe  the  Weight  of  the  Air 
being  not  always  equal,  it  may  be,  that  the  Air  will  prefs- 
more  upon,  the  Liquor  contained  in  the  Bottle  F,  at  fome- 
Times  than  at  others,  and  confequently  force  it  to  rife 
higher  in  the  Tube  FD,  and  may  occafion  us  to  think 
that  it  is  colder  than  it  was  before  :  When  perhaps  the 
Heat  of  the  Air  was  neither  greater  nor  lefs. 

42.  This  occafioned  the  making  another  Sort  of  Ther¬ 
mometer  not  long  fmee,  which  has  but  one  Bottle  or  Glafs 
only,  and  has  a  long  flender  Neck  as  is  here  reprefented. 
At  "the  Hole  A  is  put  in  as  much  Spirits  of  Wine  as  will 
fill  the  Bottle  quite  full,  and  the  Neck  alfo  as  high  as  the 
Place  marked  B,  and  then  putting  the  End  A  into  the 
Flame  of  a  common  Lamp  fuch  as  Workmen  ufe,  flop  up 
the  Mouth  there,  and  then  the  Thermometer  is  finifhed. 

43.  When  the  Heat  of  the  Air  increafes,.  the  Spirits, 
of  Wine  dilate  and  rife  above  B,  and  fo  force  the  Air  in 
the  Part  of  the  Neck  BA  to  condenfe.  Which  it 
may  eafily  do>,  becaufe  when  it  was  inclofed  here,  it 
was  very  much  dilated  by  the  Flame  which  melted  the 
Glafs,  in  order  to  ftop  the  Hole  A.  On  the  contrary,, 
when  the  Weather  grows  cold,  the  Spirits  of  Wine 
contradi  into  a  lefs  compafs,  and  defeend  below  the 
Place-  mahked  B,  and  permit  the  Air  to  extend  it  felf  be¬ 
yond  its  Limits.  By  this  Thermometer  therefore  we  judge 
-whether  it  be  more  or  lefs-  hot,,  by  the  rifing  and 
falling  of  the  Spirits  of  Wine ;  and  we  need  not  fear 
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the  Inequality  of  the  Weight  of  the  Air,  becaufe  it 
cannot  get  in,  to  make  any  Alteration  in  our  Obferva- 
tions. 

44*  Though  the  Fault  in  the  foregoing  Thermo?neter  is  44*  -d  De~ 
remedied  in  this,  yet  has  this  another  of  as  ill  Con 
quence,  viz.  That  becaufe  the  Spirits  of  Wine  dilate  and 
condenfe  but  very  flowly,  we  cannot  foon  enough  per¬ 
ceive  the  Alteration  that  is  made  in  the  Heat  or  Coldnefs 
of  the  Air.  And  there  is  another  Fault  ftill,  ( if  it  be 
Hot  made  larger  than  they  ufually  are)  which  is,  that  the 
Spirits  of  Wine,  being  not  capable  of  a  very  great  Ra¬ 
refaction,  itsRifingand  Falling  in  the  Neck  of  the  Bot¬ 
tle  will  not  be  of  fo  great  Length,  as  to  diftinguilh  the 
fmall  Changes  that  happen  in  the  Heat  of  the  Air.  But 
one  Remedy  of  this,  is,  as  I  faid,  ( 1)  to  make  the  Ther¬ 
mometer  very  large.  I  have  one  in  which  the  Difference 
betwixt  the  greateft  and  leaft  Height  of  the  Spirits  of 
Wine  is  above  three  Foot. 

45.  After  what  has  been  faid  concerning  Heat,  there  45.  why 
remains  nothing  more  to  be  explained,  but  that  which  Lime  grows 
we  experience  in  Lime ,  when  either  Water  is  poured  upon  Water 
ity  or  it  is  put  into  Water :  And  this  may  ferve  to  explain  poured  upon 
why  other  hard  Bodies  grow  hot  as  foon  as  certain  Li-  *f* 
quors  enter  into  their  Pores.  In  order  to  our  Satisfaction 
in  this  Matter,  we  need  only  confider,  that  the  Stone 
of  which  Lime  is  made,  has  fo  very  fmall  Pores  that  the 
Water  can  fcarce  enter  into  them  ;  but  after  it  is  put 
into  the  Kiln,  the  Fire  which  penetrates  it,  carries  away 
fome  of  the  internal  Particles,  and  by  that  means  enlar¬ 
ges  the  Pores  fo  much,  that  afterwards  the  Particles  of 
the  Water  can  eafily  enter,  being  only  furrounded  by 
the  (2)  Matter  of  the  firft  Element:  Wherefore  being 
freed  from  the  Matter  of  the  Second  Element,  when  they 
enter  into  the  Pores,  they  can  eafily  acquire  all  the  Force 
of  the  Firft  Element  in  which  they  fwim  ;  fo  that  mo¬ 
ving  very  quick,  and  being  alfo  pretty  grofs,  they  have 
Force  fufficient  to  dif-unite  the  Parts  of  the  Lime,  and 
to  carry  the  fmall  Duft  of  it  along  with  them  :  And  it 
is  principally  in  the  Agitation  of  this  Duft  that  the  Heat 
of  the  Lime  confifts. 

(1)  To  make  the  Thermometer')  eafier  and  quicker,  and  the  Difference 
This  Inconvenience  may  be  remedied  of  the  Degrees  of  Heat  may  be 
by  bending  the  Neck  of  the  Ther-  more  eafily  obferv'd. 
snometer  into  a  Spiral  j  for  by  that  (2)  Matter  of  the  Firjl  Element) 
means  the  Spirits  of  Wins  will  rife  See  the  Notes  below  on  Art.  48. 
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46.  There  is  no  need  of  wetting  Hay  in  order  to  have 
it  grow  hot  of  it  felf,  it  is  fufficient,  if  it  be  heaped  up 
whil/i  it  is  green  ;  for  every  Spire  of  Grafs  contains  in  it 
felf  enough  of  the  Moifture  which  it  fucks  out  of  the 
Earth,  the  Particles  of  which  go  and  come  out  of  one 
Spire  into  another,  and  fwim  at  firft  in  the  Matter  of 
the  Firft  and  Second  Element,  where  confequently  they 
have  only  the  Velocity  of  the  Second  Element.  But  af¬ 
terwards  when  the  Grafs  grows  dry,  their  Fibres  fhrink, 
and  their  Pores  grow  fo  fmall,  that  the  earthy  Juice 
which  runs  out  of  one  into  another,  fwims  in  the  Matter 
of  the  Firft  Element  only,  whofe  Velocity  it  then  obeys, 
and  fo  has  a  Porce  fufficient  to  move  the  grolfer  Parts 
of  the  Hay,  and  to  heat  them  by  that  Means. 

47.  I  faid  exprefsly,  that  the  Hay  muft  be  heaped  5 
that  the  Particles  of  the  earthy  Juice  which  come  out 
of  one  Spire  of  Grafs  may  enter  into  another  with  all 
their  Motion  ;  becaufe  if  the  Hay  be  fcattered  in  the 
Meadow,  the  Juice  which  comes  out  of  the  Spires  of 
Grafs,  is  diffipated  in  the  Air  ;  and  does  not  enter  again 
into  others,  to  caufe  that  Agitation  which,  is  neceffary  to 
produce  Heat. 

48.  As  to  the  Heat  which  arifes  from  the  Mixture  of 
two  different  Liquors,  we  need  only  imagine  (r)  that 
their  Particles  are  of  fuch  a  Figure,  that  they  can  more 
clofely  unite  when  they  are  mixed  together,  than  when 


■mixed  toge¬ 
ther .  (t)  Thai  their  Particles )  Since 

iht  re  is  ffo  f;ch  thing  as  this  Firfi 
Element,  by  all  thefe  Experiments,  it 
erf  pears,  that  m  Fermentation’ ,  tbe 
particles  of  Bodie:,  which  almoji 
rtfi,  are  put  into  new  Motions  by  a 
•very  potent  Principle  (namely  At¬ 
traction)  which  alls  upon  them  only 
when  they  approach  one  another  $  dnd 
cavfes  them  to  melt  and  llafh  with 
great  Violence ,  and  to  grew  hot  with 
the  Motion.  Newt.  Opt.  pag.  355» 
But  becaufe  Heat  does  not  confift  in 
every  Motion,  but  in  a  peculiar  Mo¬ 
tion  (and  of  certain  Particles  per¬ 
haps)  of  the  fmall  Particles  of  all 
Bodies  j  if  the  Fermentation  or  E- 
bulition  arifes  fr<  m  the  Mixture  of 
inch  So:t  of  Salts  as  produce  Cold, 
f  Flee  the  Notes  on  Art .  54.  below  ) 
the  Fermentation  may  not  only  be 
attended  with  no  Heat,  but  with  a 
ftnfiole  Cold.  Thus  Salt  petre  mix¬ 
ed  with  pint  of  Vitriol  or  other 
ac  d.  Spirits  ]  alfo  volatile  Salt  ofU- 


rine  with  dijiilled  Vinegar  Or  Spi¬ 
rit  of  Vitriol  ;  alfo  Sal  Armoniac  and 
Corroji’ve  Sublimate  reduced  to  a 
Powder  feparately,  and  then  mixed 
together  ;  if  dijiilled  Vinegar  be  pour¬ 
ed  upon  them,  they  will  be  vety 
cold  during  the  Ferm:  ntation.  (See 
the  Pbilofopb.  Tranfahlions  N.  274.) 
Alfo  Sal  Armeniae  mixed  With  a 
double  Quantity  of  Oil  of  Vitriol 
will  bubble  up  and  l'well  very  much, 
and  yet  the  Liquor  at  the  fame  time 
feel  very  cold.  See  the  Exper.  of 
the  Head  del  Cimento ,  p.  1 53.  Nay 
further,  from  the  Motion  of  feme 
Salts  which  are  naturally  in  all  Wa¬ 
ter,  it  is,  that  Water  it  felf  inclc- 
fed  in  a  Glafs,  and  put  into  a  larger 
VefTel  lull  of  Water,  if  red-hot 
Coals  be  thrown  into  the  Water  in 
this  larger  VelTel,  will  firft  grow 
cold  (as  appears  by  applying  a 
Thermometer  to  it )  before  it  re¬ 
ceives  the  Heat  communicated  by 
the  Water  which  furrounds  it. 

thev 

0 


Chap.  2 3.  ^/Natural  Philosophy,  165 

they  are  feparate ;  and  when  they  are  fo  mixed,  they 
fwim  in  the  Matter  of  the  firft  Element  only,  at  leaft, 

■during  that  little  Time  we  fee  them  ferment :  Which  is 
confirmed  from  hence,  that  after  the  Fermentation  ceafes, 
we  find  many  Particles  united  together,  and  that  they 
compofe  a  great  many  fmall  hard  Bodies.  : 

49.  Having  thus  explained  the  Form  of  a  hut  Body,  it 

will  be  eafy  to  determine  that  of  a  cold  Body ,  which  is  Nature  of 
the  dire<5t  contrary  •  For  if  we  confider,  that  Cold  extin-  x 

guifhes,  or  rather  diminifhes  Fleat,  there  will  be  no 
Doubt,  but  that  thofe  are  cold  Bodies ,  which  caufe  that 
particular  Motion  in  which  Heat  confifts  to  ceafe  : 

Now  we  know  that  this  Property  belongs  to  three  Sorts 
of  Bodies  :  Firft,  to  fuch  as  have  their  Particles  at  Reft 
with  refpe<5f  to  each  other.  Secondly,  to  fuch  whole 
Particles  may  be  in  fome  Agitation,  but  lefs  than  thofe  of 
the  hot  Body  to  which  they  are  applied ;  and  Laftly, 

Such  whole  Particles  may  he  fuificiently  agitated  with 
a  Motion  proper  to  excite  in  us  the  Senfation  of  Heat, 
but  is  attended  with  a  different  Determination  which 
changes  and  ftops  the  Motion  which  the  Parts  of  our 
Body  are  in,  and  therefore  cool  it.  The  whole  Diffi¬ 
culty  therefore  is,  whether  Cold  confifts  in  one  of  thefe 
Modes  only,  or  in  each  of  the  Three. 

50.  Now  fince  there  are  Three  Sorts  of  cold  Bodies,  5°*  'rhat 
we  may  affirm,  that  Cold  confifts  in  each  of  thefe  three  a$orti 
Modes.  For,  Firft,  The  Cold  which  is  common  to  all  of  cold 
hard  Bodies,  cannot  confift  in  any  Thing  but  what  is  Bod,v. 
common  to  them  ail,  viz.  in  the  Reft  of  their  Particles  : 

Further,  the  Cold  which  we  feel  in  Summer-time,  when 

we  go  into  the  Water,  efpecially  when  we  are  up  to 
the  Middle,  arifes  from  hence,  that  the  Particles  of  the 
Water  having  lefs  Motion,  than  our  Bodies  have  in  all 
thofe  Parts  which  are  near  the  Heart,  they  receive  fome 
Motion  from  us,  and  at  the  fame  time  we  lofe  it.  And 
of  this  we  have  a  very  convincing  Proof,  becaufe  the 
fame  Water  feels  many  times  warm  when  we  dip  our 
Hands  into  it,  becaufe  they  are  not  fo  hot  as  our  Breaft. 

Daftly,  It  is  evident,  that  the  Breath  which  comes  out  of 
our  Mouths,  when  we  contract:  our  Lips,  or  the  Air 
which  we  put  into  Motion  with  a  Fan,  in  the  Pleat  of 
.Summer,  ought  to  cool  us  j  if  we  confider  that  the  di¬ 
rect  Motion  of  them  diminifhes  or  alters  a  little ,  the 
Determination  and  Agitation  of  that  Motion  which  is  in 
the  Part  of  the  Body  where  we  feci  it  coed. 

M  3 
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51.  For  a  Confirmation  of  this,  we  may  ob ferve,  that 
cold  Bodies  cannot  make  any  Alteration  in  the  Motion  of 
hot  Bodies,  without  as  much  altering  that  Mode  in  which 
their  own  Coldnefs  confifts  ;  that  is,  a  cold  Body  cannot 
cool  another ,  without  growing  warm  it  felf,  and  fo  we 
find  by  Experience. 

52.  We  may  obferve  further,  that  the  more  Particles 
a  cold  Body  has  at  Reft,  the  more  thofe  of  a  hot  Body 
to  which  they  are  applied,  ought  to  lofe  of  their  Moti¬ 
on,  in  order  to  communicate  fome  of  their  Heat  to  the 
other.  Thus  Marble  having  more  Particles  at  reft  than 
Wood  which  has  more  Pores,  and  is  full  of  a  Liquid 
Matter  which  is  in  continual  Motion,  ought  to  feel  cold¬ 
er  than  Wood. 

53.  Thisalfo  may  ferve  to  explain  to  us,  why  the  Air 
which  is  near  Marble ,  or  other  Bodies ,  which  have  very 
fmall  Pores ,  ought  not  to  be  quite  fo  warm ,  or  ought  to  be  a 
little  cooler ,  than  that  which  is  in  Places  where  fuch  Bodies 
are  not.  For  the  grofler  Parts  of  the  Firft  and  Second 
Element,  which  cannot  enter  into  the  fmall  Pores  of 
thefe  Bodies,  muft  neceftarily  be  reflected  back  from 
them  ;  and  for  the  moft  part  there  is  only  the  moft  fubtil 
Matter  about  them,  which  is  ready  to  enter  into  them, 
or  which  cannot  but  come  out  of  them  ;  and  confe- 
quently  this  is  not  able  to  agitate  the  grofs  Particles  of  the 
Air,  which  are  proper  to  raife  in  us  the  Senfation  of 
Heat. 

54.  When  I  fay  that  Bodies  which  have  more  Parti¬ 
cles  at  reft,  ought  to  feel  colder  than  others  which  have 
fewer,  I  fuppofe  that  the  Particles  of  each  of  thefe  Bo¬ 
dies  are  equally  fufceptible  of  Motion  ;  for  if  we  fup¬ 
pofe  that  the  Particles  of  a  Body  are  very  eafily  to  be 
put  in  Motion,  and  to  lofe  their  Reft  ;  this  Body,  though 
very  porous,  ought  much  rather  to  receive  within  it  felf 
the  Agitation  of  a  hot  Body,  and  by  that  means  cool  it, 
than  another  Body  which  has  fewer  Pores  and  more  Parts 
at  reft,  but  fuch  as  are  not  fo  eafie  to  be  moved.  And 
hence  it  is,  that  when  we  touch  Snow ,  which  is  very 
rare,  it  cools  us  much  more  than  when  we  touch  Mar¬ 
ble ,  whoie  Particles  are  much  lei's  capable  of  being  put 
into  Motion.  (1) 

55.  The 


(i)  It  is  mirh  mere  probaUn 
♦•hat  Cold  (  which  is  not  merely 
comparative,  as  tfcntof  ftmply  H;  rd 
9r  Liquid  flodir3  is  j  b  it  pro¬ 


duces  real  Eftefts  ,  fuch  as  Free¬ 
zing,  Breaking  in  Pieces,  Rarefac¬ 
tion,  &c.')  is  owing  to  feme  Par¬ 
ticles  of  IS'itre  and  other  Balts 

which 
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55'  The  Nature  of  Heat  and  Gold  being  fuch  as  I  $5*  How 
have  now  defcribed,  if  you  call  to  mind  what  was  ^nd  CoTd  are 
•before  faid  concerning  the  Form  of  moift  or  liquid  Bo-  drying. 

‘dies  ;  it  will  be  eafy  to  underftand  how  Heat  and  Cold> 
which  are  direct  contrary  Qualities,  may  yet,  though  by 
-quite  different  and  oppofite  Ways,  produce  one  and  the 
fame  Effeft ,  viz.  Drying  or  Hardning :  As  we  experience 
in  this,  that  the  fame  T hings,  as  Clay ,  for  Inftance,  are 
made  as  dry  by  the  Cold  in  the  Winter,  as  they  are  by  the 
greateft  Heat  in  the  Summer :  In  order  to  underftand 
the  Reafon  hereof,  we  need  only  confider,  that  the  Parts 
of  moift  or  liquid  Bodies,  fuch  as  Water,  lofe  all  their  * 

Motion  when  it  is  very  cold  ;  wherefore  fince  fuch  Bo¬ 
dies  by  this  Means  acquire  the  Form  of  hard  or  dry  Bo¬ 
dies,  it  is  not  at  all  furprizing,  that  Clay  which  is  com- 
pofed  of  Water  and  Earth,  fhould  grow  hard  and  dry, 
when  the  Weather  is  very  cold  ;  feeing  the  Water  alone, 
to  which  all  the  JSoftnefs  of  the  Clay  is  owing,  freezes 
.and  grows  hard.  On  the  contrary.  Heat  caufing  the 
Parts  of  the  Water,  by  whofe  Means  the  Matter  of  the 
Firft  and  Second  Element  kept  the  terreftrial  Parts  of  the 
day  in  fome  fort  of  Motion,  to  evaporate ;  thefe  ter- 
•r.eftrial  Particles,  by  their  own  Gravity,  will  be  at  reft 
with  refpeft  to  each  other,  and  by  that  Means  compofe  a 
dry  or  hard  Body. 

56.  Hence  we  may  alfo  fee  the  Reafon  of  a  Maxim  56<  Why 
founded  upon  a  Multitude  of  Experiments,  ws.  That 

Heat  and  Moijlure  are  Principles  of  Corruption.  For  a  Principles  of 
Body  is  corrupted  when  there  is  a  very  remarkable  Change  Corruption . 
in  it,  which  doubtlefs  may  be  effected  by  fuch  a  Mo¬ 
tion  as  this.  Now  thefe  two  Qualities  confift  in  this 
Motion. 

57.  On  the  contrary,  by  Reft,  the  Parts  of  Bodies  are  57.  Why 
kept  in  the  fame  Situation,  and  Cold  caufes  them  to  be 

at  Reft  ;  wherefore  we  may  lay  this  down  for  a  Maxim,  orru$  1CR* 
That  Cold  hinders  Corruption. 

58.  However  we  muft  not  affirm  this  to  be  a  general  5?.  Why  * 
Maxim.  For  if  a  Body  has  Pores  large  enough  to  contain 

a  good  deal  of  Liquor,  and  thefe  Pores  be  filled  with  S(0,:g.to 
Water  j  becaufe  Water  cannot  freeze  without  dilating 
it  felf,  it  may  fo  happen,  that  in  freezing  it  may  break 

wh?ch  are  of  certain  Figures  pro-  many  other  Volatile  Alkalixate  Sal:st 
per  to  excite  that  Senfation  ,  and  make  the  Water  with  which  tht^r 
to  produce  thofe  Eft'e&s.  And  are  mixed  very  cold.  See  above  on 
&euce  it  is»  that  Sal  Armeniae  or  Art.  48. 

Salt-Pe(-re>  or  Salt  of  UrJnt ,  and 
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the  Body,  which  contains  it,  in  Pieces.  And  thus  we  fee 
the  foft  Stones,  which  are  expofed  to  the  Froft,  crumble 
and  are  reduced  almoft  to  Powder,  before  the  Water  which 
they  have  fucked  in,  can  get  out. 

59.  This  perhaps  is  the  Reafon  of  what  is  faid  by  fome 
of  the  Antients,  That  a  hard  and  penetrating  Frojl  has  a 
Power  of  Burning.  However,  it  very  often  happens, 
that  we  afcribe  that  Effedfc  to  Froft,  of  which  it  is  only 
a  very  diftant  Caufe,  and  which  i$  immediately  produ¬ 
ced  by  Heat.  For  Example,  when  we  fay,  that  Froft 
corrupts  Fruits  and  the  Buds  of  Plants,  we  ought  rather 
to  fay  ( 1)  that  the  Heat  corrupts  them  whilft  the  Froft  is 
diffolving,  becaufe  it  cannot  get  into  the  Pores  of  the 
frozen  Fruits,  nor  make  the  internal  Parts  fo  foft  as 
they  were  before  they  were  frozen,  without  having  fxrft 
intirely  deftroyed  the  Connexion  and  Order  of  the  other 
Parts,  nor  confequently  without  having  altered  the  whole 
Compofition  of  the  Parts. 

60.  P  er  Proof  of  this  we  may  obfprve,  that  it  is  the 
extreme  Parts  of  the  Plants,  which  always  contain  in 
them  more  Moifture  than  the  other  Parts,  that  are  al¬ 
moft  the  only  ones  corrupted  by  the  Cold,  and  alfo  that 
the  Cold  does  not  hurt  them  till  alter  they  are  budded  ; 
for  before  they  bud,  the  Cold  does  not  hurt  them  ;  for 
which  we  can  give  (2)  no  other  Reafon  but  this,  that 
Plants  before  they  put  forth  their  Buds,  are  not  fo  full  qf 
watry  Juices,  and  their  Pores  are  large  enough  to  fufFer 
the  fubtil  Matter,  to  put  thofe  Parts  which  may  have 
loft  their  Motion  into  Motion  again,  without  neceffarily 
deftroying  the  Connexion  of  thofe  it  firft  a£Fs  upon, 
and  which  are  more  external,  before  it  comes  to  apply 
it  felf  to  the  other  which  are  more  internal. 

61.  For  a  Confirmation  of  the  Truth  of  th z  foregoing 
Art.  we  may  add,  that  in  Northern  Countries,  where 
the  Cold  is  fo  great,  that  a  Man  cannot  go  into  the 
Air  without  running  the  hazard  of  having  the  extreme 
Parts  of  his  Body  frozen;  if  their  Nofes  or  Fingers  be 
frozen ,  they  do  not  lofe  them ,  if  they  keep  from  the  Fire , 
and  rub  them  with  handfuls  of  Snow. 

(1)  That  the  Heat  corrupts  them)  Clerc  in  bis  Pbjficls,  BookV.  Chap. 
However  for  the  mofl  part,  the  Par-  xiii.  S/bl.  65.  Though  this  Detect 
tides  of  the  Juice  being  dilated  and  does  not  appear  till  the  following 
made  ftiff  by  the  Cold,  break  in  Heat  flisws  it. 

Pisces,  and  f,  oil  the  tender  Par's  of  (i)  No  other  Reafon)  See  the 
the  Buds,  at  is  obferved  by  Mr,  Lt  Notts  on  the  forcing  Art. 
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62.  Having  thus  explained  the  Four  principal  Qualities  62.  That  the 
that  come  under  the  Senfe  of  Feeling,  viz.  Hardnefs , 
Liquidnefs,  Heat ,  and  Cold  ;  there  is  no  Difficulty  in  any  andsZotb- 
other  which  may  come  under  the  fame  Senfe,  fuch  as  nefs  &***  m 
Rough  and  Polijhed.  For  all  thefe  Qualities  do  fo  clearly  in 

follow  from  the  Difpofition  of  the  Parts  of  Matter  only, 
that  there  is  no  need  of  any  Explication  of  them  ;  where¬ 
fore  I  fhall  pafs  on  to  enquire  jnto  the  Nature  of  Tajles . 


CHAP.  XXIV, 
Of  TASTES. 


TH  E  Word  Tajle  is  ufed  in  Two  Senfes.  For  Firft,  1.  The 
it  fignifies  that  Senfation  which  we  commonly  have 
when  we  drink  or  eat.  Secondly,  we  underftand  by  this  J 

Word  fomething,  I  know  not  what,  in  the  Meat  and 
Drink  in  which  the  Power  of  raffing  this  Senfation  of 
Tafte  in  us,  confifts. 

2.  Though  Tajle  in  the  former  Senfe  of  the  Word,  a.  That  all 
cannot  be  exaftly  defcribed,  nor  particularly  known  but  Men  do  nf 
by  Experience,  yet  we  may  make  this  Obfervation,  that  fame  milt  in 
all  Men  have  not  the  fame  Tajle  when  they  eat  the  fame  the  fame 
Meat  :  as  appears  from  hence ,  that  fome  Men  can  eat  Meat* 
with  Pleafure  thofe  Things  which  others  have  an  Aver- 
fion  to  :  Whence  we  may  conclude,  that  it  is  the  fame 
with  Tajling  as  with  Feeling  :  For  if  we  touch  in  the  fame 
Part,  two  Perfons,  the  one  in  perfect  Health,  the  other 
juft  recovered  of  a  Diftemper,  they  will  be  very  diffe¬ 
rently  affetfted,  viz.  the  one  with  an  agreeable  Tickling, 
and  the  other  with  an  intolerable  Pain  ;  in  like  manner 
the  fame  Meat  may  caufe  different  Senfations  in  different 
Perfons. 

3.  As  to  Tajle  in  the  other  Senfe  of  the  Word,  which  3  Ariftotle’* 
we  are  principally  to  infift  upon,  Arijiotle1  s  Opinion  is,  Opinion  con - 
That  it  is  a  Quality  or  Property  of  a  moijl  Body  arifing  CfZef. 
from  an  earthy  Drynefs ,  and  a  Heat  on  being  freflj  boiled . 

This  Definition  contains  Three  Things,  every  one  of 
which  have  fome  Refemblance  of  Truth.  And  firft,  I 
think  Arif  otic  had  Reafon  to  fay,  that  Tafe  is  a  Property 
of  a  moift  or  liquid  Body,  becaufe  thofe  that  are  perfectly 
dry  or  hard,  have  no  Tafte  hill  they  are  mixed  with  our 
Spittle.  Further,  if  >ye  confider  that  Water  has  fcarce 

any 
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any  Tafte,  and  Air  none  at  all,  though  they  be  both  moift 
Bodies,  we  muft  confefs,  that  he  had  Reafon  to  add 
fomething  more  grofs,  and  of  an  earthy  Nature.  Laft- 
ly,  he  ought  to  bring  in  Heat,  becaufe  we  find  by  Ex¬ 
perience,  that  in  many  Fruits  it  caufes  certain  Taftes 
which  we  did  not  perceive  in  them  before  they  were 
prepared. 

4  That  Arl-  4,  The  Followers  of  Ariftotle  will  readily  agree  to  that 
^explained  Explication  which  I  have  given  of  his  Definition  of  Tafte  \ 
'zvkat  Tajie  but  it  muft  be  owned,  that  though  he  has  faid  nothing 
but  what  is  true,  yet  has  he  given  us  no  Information  at 
all  :  becaufe  he  has  not  explained  what  that  Affection  or 
Property  of  Body  is  which  caufes  T afte,  nor  wherein  it 
confifts. 

5.  Some  have  attempted  to  fupply  tin's  Defcdl,  by  fay¬ 
ing,  that  it  is  a  Quality  very  like  that  Sen fation  which  it 
raifes  in  us  ;  but  they  are  not  at  all  aware  what  Inconve¬ 
nience  this  brings  us  into :  For  befides  that  this  gives  to 
inanimate  Bodies  a  Mode  of  Exiftence,  which  does  by  no 
Means  belong  to  them ;  it  would  follow  from  this  Opi¬ 
nion,  that  two  Men  could  never  have  different  Taftes  of 
the  fame  Meat  or  of  the  fame  Drink,  contrary  to  what 
we  have  before  proved. 

6.  On  the  contrary,  fince  we  are  already  affured,  that 
confifli  when  the  fame  Meat  caufes  different  Senfations  in  two 

tntbeGrof.  different  Perfons,  one  of  them  muft  neceffarily  have  a 
nJnd  Motion  Senfation  different  from  that  in  the  Thing  which  raifes 
oj  the  Pam  the  Senfation,  we  have  Reafon  to  think  the  fame  of  the 
if  tbe  Body  other  likewife.  It  is  probable  therefore,  that  the  Faculty 
tajie»  °J  1  afting  w  ns,  is  very  like  the  faculty  of  feeling  Pain  ; 

that  is  to  fay,  in  order  to  bring  this  Power  into  A<ft,  no¬ 
thing  more  is  required  on  the  Part  of  thofe  Bodies  which 
caufe  Tafte,  but  that  they  move  ( 1 )  thei  fmall  Fibres  of  the 
Nerves  of  the  Tongue  in  fuch  n  manner  as  they  ought 
to  be  moved,  and  as  Nature  has  appointed,  in  order  to 
the  Perception  of  Tafte ;  the  fame  as  in  order  to  feel 
Pain,  nothing  more  is  requifite  but  to  move  in  a  certain 
manner  the  Nerves  which  are  the  Inftruments  of  Feeling : 
And  becaufe  nothing  can  move  another,  unlefs  it  be  in 
Motion  it  felf,  and  nothing  can  be  applied  to  the  Nerves 
of  the  Tongue,  fo  as  to  have  any  Effe<51  upon  them,  un¬ 
lefs  it  be  of  a  certain  Bignefs,  and  of  a  certain  Figure: 

(r  7 be  fmall  Fibres)  Concerning  Part  IT.  Chap.  iv.  and  tbe  famous 
fhe  Organ  of  Tafte,  and  its  Dcfcnp*  LeweahQok’l 
tion.  See  Regis'i  Phyf.  Book  Viljf» 
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I  therefore  think,  that  the  Form  of  a  Body  which  caufes 
Tafte,  confifts  in  the  { 1 )  Bignefs ,  Figure  and  Motion  of  its 
Particles ,  and  that  from  the  Difference  which  there 
may  be  in  thefe  Three  Things,  there  may  arife  different 
Taftes. 

7.  And  this  is  confirmed  by  a  Truth,  which  follows  j.Whyfime 
from  what  I  have  fuppofed,  namely,  that  if  the  Particles  fjdff6fve 
-of  a  Body  be  fo  fubtil,  that  they  will  fcarcely  or  not  at 715 

all  move  the  Organ  of  Tafte,  that  Body  will  have  no 
Tafte.  And  thus  we  find  by  Experience,  that  Water  has 
fcarce  any  T afte,  and  Air  none  at  all. 

8.  We  may  alfo  give  a  particular  Reafon  why  Air  has  8.  A  parti - 
no  Tafte,  viz.  becaufe  it  fwims  upon  our  Spittle  without 
mixing  with  it,  fo  as  to  make  any  Impreftion  upon  the  Zra/e/' 
Nerves  of  the  Tongue;  by  which  we  may  alfo  under- 

ftand  why  fat  Eiquors  have  not  fo  (harp  a  Tafte  as  thin 
Liquors  have. 

9.  Further,  if  a  Body  be  of  fuch  a  Nature,  as  that  9  •  Why  hard 
pone  of  thofe  Parts  are  feparated  from  it,  which  are  ca-  ?£%1" 
pable  of  penetrating  the  Pores  of  the  T ongue,  in  order  to  have  na 
move  the  Fibres  of  the  Nerves,  that  Body  ought  to  have  Tafle, 

no  Tafte.  And  fowe  find,  in  moft  Metals,  and  alfo  in 
Glafs  and  Flint  Stones. 

10.  Nor  are  we  to  think  that  there  is  anyThing  in  thefe  ic.  How 
Bodies,  that  caufes  them  to  have  no  Tafte,  but  only,  the 

not  being  divided  ;  for  the  Salts  which  belong  to  the  pyrjn^ 
Compofition  of  Glafs,  tafted  very  ftrongly  before  they  ‘lajte. 
were  concreted  ;  and  Metals  which  are  reduced  to  a  very 
fine  Powder  by  the  Chymifts,  are  of  fo  ftrong  a  Tafte  as 
not  to  be  born. 

11.  Since  Heat  always  increafes  the  Motion  of  a  Body;  n*  Why 
and  fince  it  is  alfo  very  certain,  that  the  more  a  Body 

is  in  Motion,  the  more  capable  it  is  of  moving  others ftr0„gerToj}s 
to  which  it  is  applied  ;  it  follows,  that  when  Meat  is  hot,  than  tbofi 
it  muft  neceffarily  have  a  ftronger  Tafte,  than  when  it  ^ 
cold  ;  as  every  Day’s  Experience  fhows  us. 

12.  It  is  alfo  very  eafy  to  fee,  that  the  Heat,  in  ma~ 

king  Meat  ready,  caufes  the  Particles  to  Itrike  one  againft  -t  £-t  ^a(le 
another,  fo  that  the  Corners  of  many  of  them  muft  bz  ready,  has  a 

differ  ent 

(1)  T.be  Bignefs ,  Figure  and  Mo~  but  whether  the  Particles  of  the  Salt  it  had 

tion)  Others  contend,  that  not  all  the  only,  or  any  other  Particles,  ' 

Particles,  but  the  Salts  mixed  with  the  Caufe  of  Taftes,  it  comes  to  the 
the  Particles  of  all  Bodies,  are  the  fame  Thing ;  for  we  muft  necefiariiy 
Caufes  of  all  Taftes ;  wnich  is  hand-  at  iaft  have  recourfe  to  the  Bignel.% 

Jed  at  large  by  Mr.  Le  Clerc  in  his  Motion  and  Figure  of  thofe  Particles, 

Pbyf  Book  V.  Chap.  xii.  And  in-  See  the  Netes  W  Art,  38. 
deed  this  is  very  a  probable  Op:nion  j 


broken 
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broken  off,  and  they  by  this  Means  divided  into  fmaller 
Particles  than  they  were  before,  and  alfo  of  a  different 
Figure  ;  and  this  is  the  Reafon,  why  Meat,  when  it  is 
made  ready,  has  a  different  Tafte  from  what  it  had  when 


ij.  That 
there  ought 
to 


raw. 


different 

Thfteu 


14.  A  MiJ- 


ter » 


1 3.  As  to  the  Difference  that  there  is  in  T aftes  ;  fince 
'll  °att*„at  we  have  made  them  to  confift  chiefly  in  the  Difference 

Many  very  of  the  Figures  of  the  Bodies  fo  tailing  5  of  which  Fi¬ 
gures  there  may  be  infinite  Variety  ;  this  agrees  with 
Experience,  which  difcovers  to  us  new  Taftes  every 
Day. 

14.  This  being  fo,  I  cannot  approve  of  their  Opinion, 
takf  Df?hofe  who  contend  for  two  extreme  T aftes,  from  a  Compoft- 
Tbat  all ”  tion  of  which  they  imagine  all  others  to  arife.  Befides, 
*Tajles  arife  that  it  would  follow  from  thence,  that  all  Taftes  would 
from  «Mix-  djffer  on]y  jn  degree  ;  which  is  contrary  to  Experience, 
*Extr!mu  which  fhows  us,  that  there  is  a  greater  Difference 

than  fo. 

15.  T bat  15. 1  do  not  fay  that  there  can  be  no  Inftances  given  of 

Sweet  ought  fuch  extreme  T aftes,  which  raife  in  us  the  molt  differ 
&fed  t*  Bit-  rent  Senfations  5  hut  if  any  fuch  are  to  be  allowed,  I 
fhould  rather  oppofe  a  Jharp  or  acid  Tafte,  to  a  bitter 
Tafte,  and  not  a  Sweet  to  a  Bitter ,  as  is  commonly  done; 
becaufe  we  do  not  find  that  a  Jharp  T afte  arifes  from  the 
Mixture  of  Sweet  and  Bitter ;  but  on  the  contrary,  Sweet 
feems  rather  to  arife  from  the  Mixture  of  the  other  T wo, 
as  we  experience  in  Fruits,  the  Sweetnefs  of  which  feems 
to  be  a  Medium,  betwixt  an  Acid  and  a  Bitter. 

16.  To  attempt  to  treat  of  every  particular  Tafte, 
would  be  to  undertake  a  Thing  impoflible,  and  there  are 
many  Things  wanting  in  order  to  fpeak  with  Certainty  of 
the  principal  and  moft  common  ones.  However  amongft 
thefe,  fome  feem  more  eafy  to  be  underftood  than  others, 
fuch  as  Acid  or  Sour e  like  Citron-Juice .  For  as  this  Tafte 
pricks  the  T ongue,  we  may  from  thence  conclude,  that 
Bodies  which  affeft  us  in  that  manner,  confift  of  a  great 
Number  of  long  and  Jlijf  P articles ,  which  in  feme  meafure 
refemble  fmall  Needles. 

j7.  Why  all  17.  This  will  feem  the  more  probable,  if  we  confider. 
Fruits  before  that  this  foure  Tafte  is  common  to  all  Fruits  before  they 
*Z-e  pure.^S  are  ripe ;  for  this  is  a  Sign  that  Sournefs  confifts  in  fome- 
thing  which  is  common  to  them  all ;  but  we  cannot  con¬ 
ceive  any  Thing  elfe  common  to  them  all,  but  this 
Difpofition  of  their  Parts,  for  they  are  all  compofed  of 
the  Juice  of  the  Earth,  which  flops  in  the  long  ftreight 
Pore?  of  the  Stock  and  Branches  which  bear  the  Fruits, 

18.  That 
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18.  That  we  may  underftand  Something  of  other  18.  Wbat 

Taftes,  we  may  confider  the  Progrefs  of  Fruits  "till  they  0c 

come  to  Maturity  ;  for  if  we  can  but  once  know  what  Fruits  con- 
Figure  the  Particles  are  of,  when  we  experience  a  certain//*  *'»• 
Tafte,  it  will  be  eafy  to  conclude,  that  this  Tafte  con- 

lifts  in  this  Sort  or  Figure.  Firft  then,  fince  all  Fruits 
are  ripened  by  the  Heat  of  the  Earth  and  Air:  (whether 
this  Heat  be  caufed  by  the  Rays  of  the  Sun,  as  commonly 
happens  in  Fruits  that  grow  in  Gardens,  or  whether  it 
be  produced  by  Fires  kindled  under  or  upon  the  Earth,  as 
when  F ruits  are  made  to  grow  in  Houfes,  in  the  midft  of 
Winter  j)  we  cannot  help  thinking,  that  a  great  many 
Particles  of  thefe  Fruits  are  put  into  fo  great  Motion,  as 
to  ftrike  againft  each  other  in  different  Manners,  fo  that 
fome  of  the  longeft  of  them  are  broken  into  Ihort  ones, 
others  have  their  Points  only  beaten  off,  and  others  are 
made  entirely  round.  And  then  it  is,  that  the  Fruits 
have  a  fuueet  acid  Tafte.  Whence  it  is  reafonable  to  con¬ 
clude,  that  the  fiveet  acid  Tafie  of  Fruits  confifls  in  this ,  that 
fome  of  their  Particles  are  long  and  fiff->  and  prick  the 
Tongue ,  at  the  fame  time  that  a  great  many  other  of  them  are 
lefs  penetrating ,  and  fo  fip  over  the  Fibres  of  the  Nerves , 
without  producing  any  thing  more  than  a  kind  of  Tickling. 

19.  We  may  obferve  further,  that  the  riper  Fruits  19 .Howtbtf 
grow,  the  more  their  Particles  are  broken,  blunted  and  becomeen- 
made  fmall ;  wherefore  fince  the  Fruits  are  then  fweeter ,  tIreJJwee  * 
We  ought  to  conclude,  that  the  great  Sweetnefs  of  Fruits 

arifes  from  hence,  that  they  have  a  far  greater  Number 
of  thofe  Particles  which  can  only  tickle,  than  of  thofe 
which  prick. 

20.  But  if  Fruit  continues  ripening  too  long  j  there  is  20.  Wbat 
no  doubt,  but  that  all  its  Particles  will  be  fo  bruifed,  that  Bmenejs 
none  of  them  will  be  able  to  prick  the  T ongue  agreeably,  conFlfii  in* 
but  they  will  only  tickle  it  in  a  difagreeable  manner : 

Now  Fruits  when  they  are  too  ripe, become  bitter ;  whence 
it  is  reafonable  to  prelume,  that  Bitternefs  confifls  in  this , 
that  all  the  Particles  are  fo  broken ,  blunted ,  and  made 
fmall  to  that  Degree ,  that  there  remains  no  long  and  Jliff' 
ones  ajnongfl  them. 

21.  And  this  is  confirmed  from  hence,  that  in  thofe  2i.  Why 
Things  which  are  made  ready  by  Art,  the  Parts  of  them  treats  when 
which  are  burnt,  and  whofe  Particles  are  beaten  one  a- 

gainft  another,  and  have  their  Corners  broken  oft',  are  al-  ready,  be- 
ways  bitter ,  as  we  experience  in  Crufts  of  Bready  and  in  come  b,ttcr' 
Roafi-m$at  when  laid  to  near  the  Fire . 
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22.  Wbf  22.  The  Nature  of  Soure>  Sweet  and  Bitter  being  thus 
^ybt^e-*  explained,  we  fhall  no  longer  be  furprized,  that  fweet 
joined  into  Things,  fuch  as  Wine,  fuppofe,  may  be  refolved  into 
two  other,  two  other,  the  one  of  which  is  foure ,  or  acid ,  the  other 
* aM^othcr  bitter  \  for  that  which  makes  any  Thing  fweet,  (with 
bitter.  fuch  a  Sweetnefs  as  is  agreeable  to  the  Tafte)  is  compo- 

fed  of  two  Sorts  of  Particles,  in  the  one  of  which  Acidnefs 
conftfts,  and  in  the  other,  Bitternefs. 

23.  Why  bit .  23.  Neither  fhall  we  any  longer  be  furprized,  that 
ter  Things  Orange-Peal ,  Treacle ,  and  many  purging  Medicines  have 
W  hacid>lg’  a  heating  Quality,  and  that  acid  Things,  fuch  as  the  Juice 
Things  cool -  of  Orange  and  Verjuice,  are  commonly  cooling;  fince  we 
**£•  are  allured,  that  Heat  conftfts  in  fuch  a  Sort  of  Motion, 

as  the  fubtil,  round  and  blunt  Particles  of  bitter  Things 
are  capable  of  exciting  and  continuing  ;  and  that  on  the 
contrary,  the  long  Particles,  of  which  acid  Things  are 
compofed,  being  fomething  of  the  Nature  of  Water,  are 
more  proper  to  hinder  Motion,  that  is,  to  quench  Fire, 
than  to  kindle  it ;  wherefore  they  ought  to  be  reckoned 
amongft  cold  Things. 

24.  How  a  24.  Neither  is  it  inconliftent  with  what  has  been  faid, 
bitter  iking  that  we  f0metimes  find  ourfelves  cooler  than  we  were 


may 

in z 


be  co'J- 


before,  upon  eating  bitter  Things  ;  for  there  are  fome  of 
them  fo  eafy  to  be  corrupted,  that  they  can  produce  but 
a  very  fmall  Heat,  fuch  as  is  fcarce  to  be  perceived  ; 
but  yet  this  Heat  may  be  enough  to  caufe'fuch  an  Agi¬ 
tation  in  the  Particles  of  our  Blood,  as  to  carry  oft  fome 
noxious  Matter  which  made  it  move  too  quick  before, 
and  by  this  Means  it  will  be  put  into  a  more  quiet  State  ; 
and  thus  we  may  feel  the  Pleat  abated,  and  our  felves 
cooler  than  we  were  before. 

That  the  25.  I  fhall  not  infill  any  longer  upon  the  Explication 
si tre ration  of  of  particular  Taftes.  It  ivould  be  very  tedious  to  go 
^fromtbe^Al  through  all,  and  require  a  great  Number  of  very 

~ Lr  at  ion  of  exarit  Experiments,  which  I  have  not  made,  nor  perhaps 
the  Figure  of  ever  fhall.  But  to  confirm  my  own  Opinion  as  much  as 
*tf  the' Body  ^  can>  ^at  their  Difference  confjls  in  the  different  Figures 
which  we  of  the  P articles  of  the  Body  which  we  tafle  ;  I  will  exa¬ 
mine  one  particularly,  and  make  it  appear,  that  as  often 
as  our  Reafon  fhews  us,  that  there  is  any  Alteration  in  the 
Figure  of  the  Particles,  Experience  fhews  us  alfo  that  there 
is  fome  Alteration  in  the  Tafte. 

26.  Let  us  take  Wine  for  an  Example,  and  confider  it 
j  from  the  very  Beginning,  ’till  it  degenerates  into  fome- 
Vine  eight*  thing  that  is  not  at  all  like  Wine.  I  ob ferve  in  the  firft: 
not  to  have  place,  that  the  Moijhire  of  the  Earth,  becaufe  it  is  com- 

any  Tafte %  pofed 


tafte. 


26.  /In  In - 
ftar.ee  in 
Wine,  and 
that  the 


*75 


Chap.  24.  of  Natural  Philosophy. 

pofed  of  the  moft  minute  Particles  of  it,  has  fcarce  any 
Tafte,  and  though  in  the  Pores  of  the  Wood  of  the 
Vine  it  grows  in  grofler  Particles,  and  fuch  as  are  able  to 
move  the  Nerves  of  the  Tongue ;  yet  becaufe  it  flicks 
among  the  Parts  of  the  W ood,  and  is  not  eafily  difinga- 
ged  from  it ;  therefore  it  excites  but  a  very  fmall  Senla- 
tion  in  thofe  who  chew  the  Wood. 

27.  Further,  fince  the  Particles  of  the  Juice  which  27.7^« 
get  into  the  Air  and  diflill  through  the  Stalk  of  the 
Bunch,  in  order  to  form  the  Grapes,  flick  together,  and  when  it  it 
cannot  eafily  be  feparated;  it  follows,  that  they  can  ap-  ft  rft formed, 
ply  themfelves  to  the  Superficies  of  the  T ongue  only,  ^ 

and  confequently  that  they  can  raife  but  a  fmall  Senfa-  Tpfte. 
tion  fcarce  to  be  perceived.  And  fo  we  find  by  Expe¬ 
rience. 

28.  But  fome  time  after,  when  the  Particles,  of  which  28-  Whence 
the  fmall  Grapes  are  compofed,  are  feparated  from  each  (karp 
other,  either  by  the  Heat  of  the  Air  which  agitates  them  Tafte  ofVev- 
gently,  or  by  the  Acceflion  of  more  fimilar  Particles  which  iulct% 
thrufl  themfelves  in  to  increafe  the  Bulk  of  them  ;  it  is 
maiiifeft,  that  they  ought  then  to  ad  feparately,  and  to 

raife  the  Senfation  of  a  very  fharp  Tafte,  fuch  as  we  ex¬ 
perience  in  Verjuice. 

29.  And  the  Heat  of  the  Air,  which  increafes  as  the  29.  How 
Fruit  ripens,  continuing  to  move  the  Particles  of  the  GraPetgra^ 
G rapes ,  it  is  evident,  that  they  muft  be  more  and  rnore^  f  * 
blunted  thereby,  and  fome  of  them  made  fo  very  fmall, 

as  only  to  tickle  the  T ongue  agreeably,  and  to-  excite  that 
Senfation  of  Sweetnefs  which  we  feel  in  chewing  the  ripe 
Grapes. 

30.  We  fee  alfo,  and  it  is  an  Obfervation  worth  taking  30..  Whence 
Notice  of,  that  if  it  be  wet  Weather  about  the  Time  of  n  ft that  ths 
gathering  the  Grapes,  the  Water  which  finks  into  the  ]jr  it 
Earth,  will  afford  too  much  Nourifhment  to  the  Grapes:  rains  during 
Wherefore  as  there  are  too  great  a  Number  of  long  Par-  tbeI^intale% 
tides,  which  there  is  not  time  for  breaking  or  blunting, 

it  follows,  that  the  Grapes  will  not  be  fo  fweet  as  they 
would  otherwife  have  been.  And  this  is  often  found  by 
Experience  :  For  if  it  rains  a  little  before  the  Vintage,  the 
Wine  is  fharper,  or,  as  they  call  it,  harifher.  This  the 
People  of  Languedoc  feem  to  be  aware  of,  who  are  at  the 
T rouble,  a  little  before  the  Seafon  of  gathering  the  mufca - 
dine  Grapes ,  to  twift  the  Stalks  of  all  the  Bunches,  that 
fo  they  may  ripen,  and  not  receive  any  more  new  Nou- 
riihment. 
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31.  For  a  farther  Confirmation  of  what  I  have  faid, 
it  is  worth  obferving,  that  if  we  tafle  of  the  Juice  of  the 
Grapes  juji  after  they  are  prejfed,  there  ought  to  be  very 
little  Difference  from  the  Tafle  of  the  Grapes  themfelves ; 
and  it  ought  alfo  to  continue  its  Sweetnefs  for  fome  time 
after  it  is  put  into  the  VefTel,  provided  the  VefTel  be  well 
flopped.  For  though,  while  it  is  working*  many  of  the 
long  Particles  which  are  intangled  in  one  another,  have 
an  Opportunity  of  getting  clear,  and  fo  are  capable  of 
pricking  ;  yet  however  they  cannot  caufe  any  fharp  Sen- 
fation,  becaufe  they  a<fl  in  Company  with  a  great  many 
others  which  have  had  fufficient  time  to  be  broken  and 
made  fmall,  having  been  preferved  in  the  VefTel  care¬ 
fully  flopped  up  :  And  this  agrees  very  well  with  the 
fweet  Tafle  which  we  find  in  New  Wine  before  it  is 
fined, 

32.  If  while  the  Wine  is  working  in  the  Prefs  or 
Vat,  and  while  it  continued  to  work  in  the  VefTel,  the 
moft  fubtil  Particles,  which  have  moft  Motion,  and  which 
by  reafon  of  their  Smallnefs  were  lefs  ingaged  with  the 
other,  be  permitted  to  fly  away,  and  evaporate  into  the 
Air  through  the  Bung-hole,  which  is  left  open  for  that 
Purpofe,  there  mufl  neceflarily  remain  fewer  of  thofe  Par¬ 
ticles  which  tickle  the  T ongue,  and  more  of  thofe  which 
prick  it.  And  this  is  the  Reafon  why  we  ought  then  to 
find  the  Tafle  fharper,  that  is,  fuch  as  we  experience  in 
Wine  not  quite  fit  to  drink. 

33.  After  this,  we  may  confider  the  Wine  in  two  Con¬ 
ditions  :  Firfl,  let  us  fuppofe  it  flopped  up  in  the  VefTel 
fo  clofe,  that  it  has  not  the  leafl  Communication  with  the 
external  Air,  in  which  Cafe  fome  of  its  Particles  will  be 
broken  and  blunted,  and  a  great  many  of  thofe  which  re¬ 
main  whole,  will  lofe  their  Stiffnefs,  and  become  plyable,- 
by  rubbing  againfl  one  another,  and  bending  in  that  flrait 
Place  in  which  they  are  inclofed  ;  and  by  this  Means  they 
will  be  lefs  capable  of  fhaking  the  Nerves  of  the  Tongue  : 
Wherefore  the  Wine  will  no  longer  tafle  Sharps  but  at¬ 
tain  that  Sweetnefs  which  we  experience  in  it  when  it  is 
fit  to  drink, 

34.  And  without  doubt  the  Sweetnefs  would  increafe 
continuallv,  if  the  Wood  of  the  Veflel  did  not  change  the 
Liquor  a  little,  and  permit  the  more  fubtil  Parts  of  it  to 
evaporate  through  its  Pores.  For  a  Proof  of  which,  we 
may  remember,  that  Wine  kept  many  Years  in  earthen 
Bottles,  well  flopped,  and  put  into  Sand  in  the  Bottom  of 

the 
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the  Cellar,  will  in  length  of  Time  become  as  fvveetas 
Honey. 

35.  Suppofe  now,  that  the  VefTel  be  not  Hopped  ;  the 
long  Particles  which  flip  by  one  another,  may  be  fp  Worn 
as  to  be  a  little  diminiftied,  but  there  is  no  Nec'efiifey-'that 
they  fhould  become  limber  and  pliable  :  For  thofe  of 
them  that  are  moft  limber,  are  at  liberty  to  evaporate 
through  the  Hole  (rf  the  VefTel,  and  thofe  which  remain 
have  the  more  room  to  move  in  without  being  forced 
to  bend  themfelves.  So  that  all  the  Alteration  that  will 
happen  to  the  long  Particles  which  remain,  is,  th'at  they 
will  become  more  fharp,  and  the  Wine  will  be ’con¬ 
verted  into  a  Liquor  which  will  prick  the  T  ongue  more 
Iharply,  that  is,  it  will  be  turned  -into  Vindgar. 

36.  If  the  Particles  fti  11  continue  to  be  thus  moved 
for  a  confiderable  time,  they  will  at  la  ft  be  fo  worn;;  and 
become  fo  very  flender,  as  to  be' extremely  pliable,  info- 
much,  that  they  will  have  no  Power  at  all  to  move  the 
Nerves  of  the  Tongue  ;  and  then  the  Liquor  compofed 
of  them  can  have  no  T afie,  and  be  very  little  different 
from  Water;  as  we  find  by  Experience. 

37.  For  a  final  Confirmation  of  what  I  have  faid  con¬ 
cerning  Taftes,  (I  will  relate  an  Experiment  which  I 
made  my  felf :  I  took  a  Pewter  Pot,  and  having  made.a 
Hole  in  the  Bottom  of  it,  I  Hopped  it  with  a  Piece  of 
Cloth,  and  then  filled  it  about  half  full  of  very  fine 
Sand,  fo  well  wafhed,  as  not  in  the  leafl  to  tindfure  the 
Water  which  drain’d  through,  and  afterwards  well  dried  : 
After  this,  I  put  in  a  Quart  of  full-bodied  Red-Wine, 
which  diHilling  through  the  Hole  below,  there  came  out 
about  a  Pint  of  clear  Liquor  like  Water,  which  had  no 
Tafie:  Then  perceiving  that  the  Drops  began  to  be 
tinned  with  Red,  I  took  away  the  VefTel  which  I  had  fet 
pnder,  and  put  another  in  its  Room,  into  which  there 
ran  pretty  near  the  other  Pint  ;  and  this  lafi  was  much 
lefs  red,  and  had  a  much  fainter  Tafie  than  the  Wine  it 
felf  before  it  pafied  through  the  Sand.  Lafily,  mixing 
this  Liquor  with  the  other,  which  was  very  clear,  the 
Refult  was  a  Liquor  of  a  very  faint  Colour,  and  fcarce 
any  Tafie. 

38.  I  think  no  Body  that  knows  what  Sand  is,  can  find 
out  any  other  Reafon  for  the  Alteration  of  the  T afie  of 
the  Wine  by  palling  through  it  but  this,  that  the  Parti¬ 
cles  of  the  Wine  being  forced  to  go  through  very  nar¬ 
row  winding  PafTages,  are  bent  a  great  many  times  all 
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Ways,  and  (i)  have  the  Figure  and  Condition  of  them 
changed :  From  whence  we  may  conclude,  that  (2)  the 
Form  of  all  Bodies  that  have  any  Fajle  conjijls  in  the 
Difpofition  and  Figure  of  their  Particles , 


(1)  Have  the  Figure,  See.)  The 
Figure  of  them  is  not  altered,  but 
only  the  Parts  which  have  no  Co¬ 
lour  or  Tafte,  are  feparated  from  the 
ted  Parts  which  have  a  Tafte. 

(2)  The  Form  of  all  Bodies,  &C») 
That  Tafte  con  lifts  wholly  in  the 
Figure  and  Compofition  of  the  Parts 
5s  clearly  demonftrated \ by  the  fa¬ 
mous  Mr.  Boyle,  from  the  furpiizing 
Alteration  of  Taftes,  by  varioufly 
compounding  of  Bodies.  1  think 
It  worth  while  briefly  to  propofe 
the  Experiments  made  by  that  ex¬ 
cellent  Perfon,  becaufe  they  ought 
to  be  kept  in  Memory. 

Firfl,  From  two  Bodies  one  of 
which  is  very  acid  and  corrofve ,  the 
other  alkalous  and  fiery ,  may  arife 
a  Body  without  almofi  any  Tafte, 
This  is  done  by  a  certain  Comp-ft- 
tion  of  Spirit  of  Nitre  and  Nitre 
fixed  per  deliquium. 

Secondly.  A  Body  that  has  farce 
any  Tafte  may  he  fe pirated  into  two 
Bodies  of  a  very  foarp  Tafte,  yet 
•very  different  from  each  other,  Th's 
'  5s  done  by  diftilling  the  moft  refi¬ 
ned  Salt  of  Nitre  by  Infiammation, 
or  with  a  Mixture  ot  Clay  which  has 
it  fclf  no  Tafte. 

Thirdly,  From  two  Bodies ,  one  of 
which  is  very  bitter,  and  the  other 
very  fit,  may  arife  a  Body  which 
has  no  Tafle .  This  is  done  by 
fprinkling  Cryftals  of  Silver  dif- 
folved  in  Aquafortis  with  Brine 
or  Salt  Water,  and  then  melting 
and  preparing  them  on  the  Fire  till 
they  come  to  a  Lunea  Cornea  as  the 
Chymifts  call  it. 

Fourthly,  From  two  Bodies  mixed 
together ,  one  of  which  is  very  fwcet, 
and  the  ether  very  Jalt,  may  arife 
aljo  a  Body  which  has  no  clafie. 
This  is  done  by  pouring  a  certam 
Quantity  of  Spirit  of  Sal  Ammoni¬ 


ac  or  Salt  of  Urine  upon  red  Bead 
diflolved  in  Vinegar,  or  Sugar  of 
Lead  diflolved  in  a  proper  Men- 
ftruum. 

Fifthly,  From  two  Bodies ,  one  of 
which  is  acid,  and  the  other  bat  no 
Tafte,  may  arife  a  Body  very  bitter • 
This  is  done  by  draining  Aquafor¬ 
tis  faturated  with  diflolved  Silver  £ 
For  it  will  afford  very  bitter  Cry 
ftals. 

Sixthly,  From  two  Bodies  mixed 
together ,  one  of  which  is  infipid,  and 
the  other  very  corroftvey  may  arife  a 
Body  jweeter  than  Sugar,  This  is 
done  by  pouring  the  belt  Aqua  for¬ 
tis  upon  red  Lead,  and  then  putting 
it  over  a  moderate  Fire  till  it  is  fa¬ 
turated. 

Seventhly,  From  the  fweeteft  Bo¬ 
dies  of  all,  without  mixing  any  other 
Bodies  with  them,  may  be  extraEled 
very  corrofive  Liquors,  fucb  as  will 
dijfolve  tertain  Bodies,  Thus  a  Spi¬ 
rit  that  will  diffolve  Copper  may  be. 
extracted,  from  Sugar  or  Honey • 

Eighthly,  A  Body  as  bitter  as  can 
be,  may  be  ftparated  into  two  Bodies, 
one  of  which  is  very  acid ,  and  the 
other  without  any  Tafte,  Thus  a  ve¬ 
ry  acid  Spirit  may  be  extra£led  from 
Cryftals  of  Silver  diftiiled  over  a 
very  hot  Fire,  and  a  Body  without 
any  Tafte  will  remain  at  the  Bottom. 

Lafily,  The  fame  Body  dijfolved  its 
different  Liquors,  as  Aqua-fortis, 
Aqua-regia,  Spirit  of  Salt ,  diftit- 
led  Vinegar,  Spirit  of  Urine,  Sic, 
will  have  a  different  Tafte  in  each  of 
them.  So  alfo,  the  fame  Liquor ,  as 
Aqua -fortis,  mixed  with  different 
Bodies,  will  have  different  Taftes, 
thus  with  Silver  it  will  be  bitter , 
with  Lead  it  will  be  fweet,  with 
Copper  it  will  be  intolerable .  See 
Boyle  oj  the'  Production  of  Taftes, 
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CHAP.  XXV. 

OfSMELLS. 

Y  the  Word  Smell,  we  may  firffc  underfland  that  par-  *• What  ** 
ticular  Sort  of  .Senfation  which  is  raifed  in  us  by  the  S-"]  ^  tbf 
Impreflion  of  certain  Bodies  upon  (1)  the  Nerves  of  the  ^ 
internal  Parts  of  the  Nofe  :  And  we  may  alfo  under- 
ftand  by  it,  that  in  the  Body  which  fmells,  in  which  the 
Power  of  exciting  the  Senfation  of  Smell  in  us,  confifls. 

2.  Every  Body  knows  by  their  own  Experience  what  2-  7hat 

Smell  is  in  the  former  Senfe  of  the  Word,  but  it  is  im-  T 

poffible  to  defcribe  and  make  fuch  Perception  known  to  JiiL  in  all 
others.  All  tjiat  we  can  fay,  is,  that  the  fame  Objedf  PerIonu 
does  not  raife  the  fame  Senfation  in  all  Perfons,  a  great 

many  finding  certain  Perfumes  agreeable  to  them,  which 
others  cannot  bear. 

3.  This  being  fo,  we  fihall  only  endeavour  to  find  out  3.  That  An- 
what  Smell  is  with  refpedf  to  the  Body  fmelling.  Arijlotle  ftotIe  bas 
has  not  defined  it  at  all  in  that  Chapter  where  he  treats  Z'baf Smell 
exprefsly  of  Smells,  and  (2)  where  he  makes  this  Excufe,  it. 

that  Men  have  not  their  Smell  fo  perfeft  as  other  Crea¬ 
tures. 

4.  Some  of  his  Followers  think  they  underfland  what  4-*  7>s eOpU 
he  means  (3)  from  that  Place  where  he  fays.  That 

Inflant  we  perceive  any  Thing ,  we  become  like  the  Ob -  ans.  °  2 1 
jell  which  a  Els  upon  us  to  cauje  that  Senfation  .*  And  up¬ 
on  this  Foundation  it  is,  that  they  contend  that  Smell  in 
the  Objedt  is  fomething  very  like  that  Senfation  which  it 
raifes  in  us.  To  which  they  add,  that  Smell  arifes  from 
the  Mixture  of  hot  and  cold,  dry  and  moifl,  but  fo  that 
the  hot  and  the  dry  prevail  moft. 

5.  But  befides,  that  this  Opinion  afcribes  to  inanimate  ^  ^ on‘ 

Bodies,  a  manner  of  Exiflence  which  agrees  to  tho fe^ifopiln, 
only  that  are  animated,  which  cannot  be  ;  it  would  fol¬ 
low,  that  the  fame  Smells  muff  be  equally  agreeable  to 

all  Perfons,  contrary  to  what  was  obferved  before.  To 
which  we  may  add,  that  it  is  wholly  inconceivable,  (fup- 

(1)  7be  Nerves  of  the  internal 
Tarts  )  For  the  Organ  of  Smelling, 
and  the  Del'cripcion  of  it.  See 
Regis  Phyf  B.  8.  Part  W.Cbap.  v. 

(2.)  \\  bere  be  makes  this  Ez.cuft) 

It  it  n  t  fo  evident  nvbat  Smell  is,  as 
what  Darknef  or  Light  or  C flour 
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are.  7b  e  Reafon  is,  bee  a  ufe  nve 
have  not  this  Senfation  very  perfect , 
but  avorfe  than  many  other  Animals  j 
Fir  Alan  s  Smell  is  ve<y  bad.  A- 
rift.  de  Anima,  lib.  2.  cap.  9. 

(3)  From  that  Fla  e )  See  the 
Nates  on  Chap,  xxiii*  Art.  7. 
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6.  What 
the  Nature 
of  Smell s 
conjtfisin , 


pofing  the  Idea’s  which  the  Arijlotelians  give  us  of  the 
four  principal  Qualities  that  come  under  the  Senfe  of 
Touching  to  be  true)  that  the  Mixture  of  them  fhould 
produce  any  Thing  elfe  but  Warmnefs,  which  wilLbe 
more  or  lefs  dry  or  moift,  according  as  it  has  more  or 
Jefs  of  thofe  Qualities  mixed  with  it,  which  has  no  Simi¬ 
litude  at  all  to  that  Idea  which  they  give  us  of  Smell. 
Laftly,  If  this  Mixture  were  Smell,  as  we  perceive  it 
by  Touch,  it  ought  to  raife  a  Senfation  like  to  it  felf  in 
all  Places  where  the  Organ  of  Touch  is;  and  then  we 
ought  to  fmell  with  our  Hands  as  well  as  with  our  Nofes; 

which  is  contrary  to  Experience. 

6.  If  to  this  it  be  anfwered  ;  that  That  which  caufes 
the  Senfation  of  Warmnefs,  when  it  a&s  upon  the  Hand, 
may  alfo  excite  the  Senfation  of  Smell,  when  it  a&s  up¬ 
on  the  Nofe,  Nature  having  fo  ordered  it:  I  agree  with 
them.  But  becaufe  I  know  nothing  elfe  in  Bodies  but 
Magnitude ,  Figure  and  Motion ,  I  cannot  think  there  is 
need  of  fuppofing  any  Thing  elfe  to  make  them  capable  of 
imprefling  Smell  upon  the  Organ  of  Smelling :  Wherefore 
I  am  of  Opinion,  that  the  fame  Particles  which  raife  the 
Senfation  of  Tafte,  when  applied  to  the  Tongue,  may 
alfo  raife  the  Senfation  of  Smell,  when  being  fo  very 
fmall  as  to  fly  about  like  Vapours  or  Exhalations,  they 
come  to  tickle  thofe  two  extended  Parts  of  the  Brain 
which  anfwer  to  the  moft  inward  Recefs  of  the  Nofe. 
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7.  This  may  be  proved  from  hence  :  Firft,  That  we 
experience,  that  the  greater  the  Heat  is,  and  confequent  ly 
the  more  capable  of  making  a  greater  Number  of  fuch 
Particles  as  caule  Smell,  to  fly  off;  the  fuither  do  Bo¬ 
dies  extend  their  Smell  :  And  on  the  contrary,  as  the 
Cold  keeps  their  Particles  at  reft,  and  hinders  them  from 
exhaling,  fo  it  is  the  Caufe  of  their  Smell’s  being  lefs 
perceived. 

8.  Further  ;  we  obferve,  that  a  great  many  Bodies 
fmell  no  longer  than  whilft  they  are  moift,  that  is,  fo 
long  as  fome  of  their  Particles  are  in  Motion ;  and  that 
they  ceafe  to  fmell  when  they  are  quite  dry,  or  have  all 
their  Particles  at  reft. 

9.  Laftly,  One  of  the  moft  evident  Proofs  that  we  have 

to  Ihow  that  Smells  confift  in  the  Evaporation  of  certain 

Particles,  is  this  ;  that  moft  hard  Bodies,  which  do  not  of 

themfelves,  as  we  fay,  raife  the  Senfation  of  Smell,  when 

they  come  to  be  burned,  or  only  to  be  ruboed  one  a- 

gainft  another,  appear  to  have  a  Smell ;  becaufe  by  thefe 

Means  fome  of  their  Particles  are  made  to  evaporate. 

*  *  -  ^  Thus 


Chap.  25.  Natural  Philosophy.  iSi 

Thus  Sealing-Wax,  when  it  is  lighted,  raifes  a  Smell, 
which  was  not  perceived  before.  And  thus  Iron  rubbed 
againft  Iron,  and  one  Flint  againft  another,  raife  a 
Smell  alfo  which  was  not  perceived  before. 

10.  I  do  not  however  pretend  to  affirm,  that  all  Sorts  io.  Why 
of  Particles  which  are  carried  off  from  all  Sorts  of 

dies,  ought  indifferently  to  raife  the  Senfation  of  Smell ;  anySmli. 
For  in  order  thereto,  there  ought  to  be  a  certain  Motion 
of  the  Organ  of  Smelling,  and  a  certain  Force  to  fhake 
it ;  and  there  may  be  alfo  Particles  fo  very  fmall  as  not 
to  be  able  to  fhake  it  the  leaft  that  is  poffible :  Thus,  the 
Air  which  we  breath,  and  the  Vapours  which  rife  out  of 
Water,  have  no  Smell  at  all  ;  and,  on  the  contrary, 
there  may  be  others  fo  large  as  that  they  may  not  come  to 
the  Organ  at  all,  or  if  they  do  come  to  it,  are  rather 
capable  of  quite  fpoiling  it,  than  of  fhaking  it  in  fuch  a 
manner  as  may  raife  the  Senfation  of  Smell. 

11.  The  Difference  of  Smells  depends  upon  the  fame  IT*  Wherein 
Caule  as  the  Difference  of  T aftes  does,  that  is,  ( i )  upon 

the  Difference  there  is  in  the  Bignefs  and  Figure  of  the  Par-  Smells  eon - 

N  3  tides  Ms% 


(i)  Upon  tie  Difference)  That 
Smellsjin  the  fame  manner  asTaftes, 
confifts  entirely  in  the  Compofition 
and.  Figure  ot  the  Parts,  is  very  evi¬ 
dent  from  the  following  Experiments 
made  by  the  famous  Mr.  Boyle, 

Firft,  From  two  Bodies  mixt 
together ,  each  of  which  is  without 
any  Smell,  may  be  raifed  a  very 
jlrovg  urinous  Smell.  This  will  be, 
if  unpacked  Lime  and  Sal  Ammoniac 
be  beaten  together. 

Secondly,  By  a  [. Mixture  of  com¬ 
mon  Water ,  which  bat  no  Smell,  a 
\°dy  which  has  alfo  no  Smell , 
may  be  made  to  fend  Jortb  prefently  a 
fining  Smell.  Thus,  Campbire  dif- 
folved  in  Oil  of  Vitriol  has  no  Smell, 
but  m:xed  with  Water ,  it  immedi¬ 
ately  fends  forth  a  ftrong  Smell. 

Thirdly,  Compound  Bodies  may 
fiend  forth  Smells  which  are  not  at  all 
like  the  Smells  of  the  Bodies  Jeparate. 
Thus  Oil  of  Turpentine  mixed  with 
double  the  Quantity  of  Oil  of  Vitriol, 
after  it  is  diftilled,  will  not  fmell  of 
Turpentine  but  of  Brimftone  5  and 
that  which  remains  in  the  Retort, 
if  it  be  forced  with  a  ftronger  Fire, 
will  refemble  the  Smell  of  diftilled 
Oil  of  Wax. 

fourthly,  A  great  many  Smells 
may  be  raffed  only  by  Motion  and 


Agitation .  Thus  a  Multitude  of 
Bodies,  as  Glafis,  Stones,  See .  which, 
though  heated,  fend  forth  no  Smell, 
yet  if  agitated  and  bruifed  with  a 
particular  Motion,  fend  forth  a  very 
ftrong  Smell;  and  there  comes  a 
Smell  like  that  of  a  Rofe,  out  of 
Beech-wood  while  it  is  turning. 

Fifthly,  A  Body  that  has  a  firong 
Smell,  mixed  with  another  Body  that 
has  no  Smell ,  may  lofie  all  its  own 
Smell.  Thus  if  Aqua- fortis  not  too 
well  dephlegmated  be  poured  upon 
Salt  of  Tartar,  till  it  ceafes  ferment¬ 
ing  ;  that  Liquor,  after  evaporation, 
will  afford  Cryftals  without  any 
Smell,  like  Salt  of  Nitre ;  but  if 
they  be  burnt,  thty  fmell  as  bad  as 
can  be. 

Sixthly,  Out  of  two  Bodies  mixed 
together ,  one  of  which  has  theworfi 
of  Smells ,  and  the  other  not  a  viry 
good  one,  may  arifie  a  pleafiant  aro •» 
matick  Smell.  This  is  done  by  a 
certain  Mixture  of  Aqua  fortis  or 
Spirit  of  Nitre  with  inflammable 
Spirit  of  Wine. 

Seventh'y,  - Spirit  of  Wine  mixed 
with  a  Body  that  has  ficarce  ary 
Smell ,  may  produce  a  pleafiant  aro. 
matick  Smell.  Thus  an  equal  Quan¬ 
tity  of  inflammable  Spirit  of  Wine 
and  Gy l  of  Dsnt&hk  Vitriol,  mixed 

together, 


rent  Smell* 
one  after  a  - 
net'ocr • 
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tides  which  are  exhaled  from  the  Body  that  fmells.  As  will 
be  evident  to  any  one  wbo  confiders  that  thofe  Things 
which  have  the  fame  T afte,  have  alfo  the  fame  Smell : 
Thus  all  fharp  Bodies  have  a  fharp  Smell,  and  all  bitter 
Bbdiefe  have  a  Smell  that  has  fomething  of  Bitternefs  in 
it 

jz.  12.  And  this  is  fo  true,  that  when  we  are  once  allured 

*dy  fend  Particles  of  certain  Bodies  have  changed  their 

forth  differ  FigUres,  we  always  find  by  Experience,  that  they  have 
changed  their  Smell  alfo.  Thus,  the  Matter  gendred  in 
the  Jhfcefs  of  a  L  and  Beaver ,  expofed  for  fome  Days 
together  in  the  Sun,  in  a  hot  Country  ( v/hich  without 
doubt  dallies  the  Parts  one  again#  another,  and  alters 
their  Figure)  fenfibly  alters  its  Smell,  and  as  flrong  as  it 
was,  it 'becomes  firft  tolerable,  and  at  !afl  is  turned  into 
that  valuable  Perfume,  which  we  call  Musk. 

13.  From  what  we  have  faid  concerning  the  Nature 
the  Bulk  of  0f  fmelling  Bodies,  we  may  conclude,  that  both  their 
dies  'dfmi-  "  and  their  Weight  diminish  by  little  and  little.  Thus 
nifhes  by  lit -  we  find  by  Experience  thofe  Smells  to  be  quickly  over 
t.e  and  Huh.  which  are  raifed  by  burning  :  But  as  to  thofe  which  we 
perceive  without  heating  the  Bodies,  fuch  as  thofe  of 
Musk  and  Civet ,  (1)  it  is  a  long  time  before  they  are 
fenfibly  diminifhed,  becaufe  the  Motion  of  their  Parti¬ 
cles  is  very  flow,  and  but  a  few  of  them  are  exhaled  at 
a  time.  And  as  but  a  few  of  them  are  exhaled  at  once, 
they  could  not  move  the  Senfe,  "without  meeting  and 
mixing  with  a  great  many  others,  which  were  fometime 
before  evaporated,  and  flew  about  the  fmelling  Body. 
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together,  and  digeffed,  and  then  di¬ 
stilled,  will  afford  a  penetrating 
Spirit  of  a  very  pleafant  Smell. 

$ighrh:y,  A  Body  tf  the  mojl 
fit  (tf ant  Smell,  without  mixing  any 
oil.  er  Body  with  it,  may  degenerate 
im  0  the  ivorfi  fink.  Thus  the  Spirit 
mentioned  in  t  he  foregoing  Experiment  3 
f  heat  ff  pped  up  in  a  Bottle, 
w:J  in  a  ihort  time  degenerate  into 
the  ffrong  Smell  of  Garlick. 

Laffly,  Out  of  ftvo  Bodies ,  one  of 
which  <aas  no  Smell,  the  other  a  bad 
Smell,  may  anfe  a  pie  a f ant  Smell 
line  that  op  Musk.  This  is  done  by 
putting  Pearls  into  Spirit  of  Vitriol. 
Sor  wale  they  are  diffolving,  they 


fend  forth  a  pleafant  Smell.  See 
Boyle  of  the  ProduBion  of  Smells . 

(1)  It  is  along  time,  &c.)  Who¬ 
ever  confiders  the  infinite  Divifib\ili- 
ty  of  Matter,  and  the  inconceivable 
Smallnefs  of  the  Parts  of  Light 
wlfch  always  find  an  eafy  and  open 
Paffage  through  Glafs  and  Diamonds 
on  all  Sides,  and  eyery  Way,  will, 
I  believe,  have  no  doubt,  but  that 
it  is  wholly  owing  to  the  Smallntft 
only  of  the  Particles  emitted,  tho’ 
they  may  be  very  much  larger  than 
the  Particles  of  Light,  that  Bodies 
which  have  a  Smell,  are  yet  a  very 
long  time  before  they  aie  fenfibiy 
diminifhed» 
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CHAP.  XXVL  : 

Of  SOUND. 

THE  Word  Sound  was  intended  to  fignify  in  the 

firft  Place,  that  particular  Senfation  which  is  raifed  two  Mean. 
in  us,  by  the  Impreflion  made  upon  the  Ears  by  what  *»*». 
we  call  founding  Bodies.  And  the  fame  Word  is  alfo 
ufed  to  lignify  That  in  the  founding  Bodies,  as  in  a  Bell 
or  in  the  Air  which  furrounds  it,  which  caufes  in  us  the 
Senfation  of  Sound. 

2.  After  what  has  been  obferved  when  we  fpoke  of  2.  in  vobat 
Taftes  and  Smells,  it  is  needlefs  to  fay,  that  Sounds  taken  Senfeweare 
in  the  former  Senfe  of  the  Word,  cannot  be  deferibed,  JerftanTtbt 
nor  known  any  other  Way  but  by  Experience,  Where-  Word. 
fore  we  {hall  treat  of  it  here  only  as  That  in  the  founding 
Bodies  or  in  the  Airy  which  we  call  Sound. 

3.  Ariflotle  has  (1)  a  Chapter  particularly  upon  this  3-  Ariflo- 
SubjeCi,  wherein  he  a  Herts,  that  Sound  is  nothing  elfe  but  ^  sound,™ 
the  local  Motion  of  certain  Bodies ,  and  of  the  Medium  J 
applied  to  the  Ear  and  that  we  may  be  fure  that  this  is 
his  Notion,  he  repeats  it  above  twenty  times. 

4.  I  take  particular  Notice  of  that  extraordinary  Care  4.  The  No. 
which  Ariflotle  took,  to  make  us  underftand  the  Notion 
he  had  of  the  Nature  of  Sound.  For  though  he  repeated  t-wers, 
it  fo  often,  that  it  may  feem  troublefome  to  fome  Rea¬ 
ders  ;  yet  I  find,  he  has  not  faid  it  often  enough  for  fome 
others,  who  profeffing  to  follow  his  Opinions  in  other 
Things,  do  notwithftanding  believe  that  Sound  is  a  Qua^ 
lity  different  from  local  Motion. 

5.  There  are  fome,  who,  to  maintain  this  Opinion,  Wbaf 
and  confute  that  of  Ariflotle ,  fay,  that  if  Sound  be  no -Reafontby 
thine  elfe  but  local  Motion ,  it  would  follow,  that  in  mo-  give  for 
ving  our  Hand,  for  Inftance,  we  ought  to  perceive  fome 
Sound  ;  and  there  are  others  who  affert,  that  according  to 
this  Notion,  it  muft  follow,  that  a  Bell  which  is  heard 
two  Leagues  every  Way,  muft  move  the  Air  fo  far  all 
round,  which  they  think  abfurd. 

6.  However,  thefe  Objections,  are  of  no  Weight ;  for  6.  That  thy 
as  to  the  firft,  it  proves  no  more  than  this ;  that  Sound 

from  An t- 

(x)  A  Chapter  particularly  upon  this  Subjcfi)  Chap.  viii.  Book  2.  Con-  totis» 
ceruing  the  Soul, 
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*7»  That  the 
founding  Bo¬ 
dies  docs  not 
caufe  all 
that  Motion 
•which  is 
requijite  to 
produce 
Sound» 


S.  That  it 
is  not  at  all 
dip.  cult  to 
put  forne  Bo¬ 
dies  in  Mo¬ 
tion,  which 
•jtem  hard  to 
be  moved-  - 
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does  not  confift  in  all  Sorts  of  Motion,  and  efpecially 
not  in  fuch  a  Motion  as'is  given  to  the  Hand  when  it  is 
moved  ;  which  indeed  is  very  true.  And  as  to  thole 
who  think  it  abfurd^  that  a  Bell  fhould  move  the  Air  for 
two  Leagues  round,  they  judge  of  Nature  only  by  their 
own  Prejudices,  which  are  no  Proofs. 

rj.  I  muft  confefs  indeed,  that  fome  Force  is  required  to 
put  a  Mafs  of  Matter,  which  is  extended  two  Leagues  round 
in  Motion  ;  But  the  Fifed»:.  produced  by  the  Bell  is  not  fo 
great  as  we  may  imagine :  For  when  it  moves  the  Air  in 
this  manner,  ( i )  it  only  aefs  upon  a  Body,  which  was  in 
Motion  before  as  it  is  a  liquid  Body.  So  that  it  does 
not  fo  much  a£l  upon  it  to  give  it  Motion,  as  to  deter¬ 
mine  that  Motion  which  it  had  before,  in  fuch  a  Manner 
as  is  proper  to  producehn  us  the  Senfation  of  Sound. 

8r  I  fay  further,  that  it  is  not  fo.  difficult  as  is  ima¬ 
gined,  to  caufe  fuch  Sort  of  Trembling  in  a  Body  which 
is  every  way  furrounded  with  a  Liquid  :  Experience 
fhows  us  this  in  a  large  Anvil,  ( which  doubtlefs  is  one 
of  thofe  Bodies  which  are  not  apt  to  be  put  in  Motion  ;  ) 
for  we  fee  it  trembles  upon  the  leaft  Blow  given  it  by 
.the  Hammer ;  and  we  may  obferve,  that  if  a  few  Grains 
of .  Millet  be  put  upon  it,  and  it  be  ftruck  on  the  Side 
with  a  moderare  Key,  according  as  the  Sound  is  more 
or  lefs,  the  Grains  of  Millet  wili  jump  higher  or  lower, 
and  change  their  Place  on  the  Anvil.  Now  it  could 
not  caufe  this  Motion  in  the  Grains,  if  it  was  not  moved 
it  felf. 

9.  And  to  fhow  that  Sound  confijh  in  a  particular  Sort 
of  Motion ,  we  need  only  confider,  that  it  is  always  pro¬ 
duced  when  we  flrike  our  Fingers  over  the  Strings  of  a 
Lute,  or  when  we  flrike  againft  any  hard  Body.  Now 
to  ftrike  the  String  of  a  Lute,  or  to  fhrike  any  hard  Bo¬ 
dy,  is  nothing  elfe  but  to  move  the  String  out  of  its 
Place,  or  to  put  the  Body  in  Motion.  And  it  is  very 
abfurd  to  think,  as  the  Arijlotelians  do,  that  the  Confti- 
iution  of  them  is  altered,  and  that  we  make  them  to 
acquire  fome  Heat  or  Cold,  fome  Drynefs  or  Moifture 
which  they  had  not  before. 

(l)  It  only  aBs  upon  a  Body,} 

The  Motion  which  is  in  the  Air  be¬ 
fore  it  is  moved  by  the  Sounding  Bo- 
recontributes  rodiing  at  all  towards 
producing  .Sound.  Foras  many  Par¬ 
ticles  of  Air  as  ht.e  are,  tending  the 
fame  way  as  they  are  ip  jelled  fy  the 

V''v‘"r  T  10.  And 


founding  Body,  and  therefore  more 
eafily  yielding  to  it  than  if  they  were 
at  reft  ;  juft  fo  mar.y  ought  we  al¬ 
ways  to  think  are  moved  the  contrary 
way  ■;  a  d  for  that  Reafon  refift  the 
B<  dy  in  Motion  more  than  they 
wcula  do  if  they  were  at  reft. 
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10.  And  this  is  confirmed  from  hence,  that  if  the  Ear  10.  A  Prof 
be  tickled  in  the  infide  fo  as  to  make  any  Imprefiion  upon 

what  ( 1 )  the  Phyficians  call  the  auditory  Nerves ,  we  find  ** 
a  certain  Tingling.  Whence  it  is  evident,  that  it  is  the 
fame  with  the  Senfation  of  Sound  as  with  that  of  Pain  ; 
and  both  the  one  and  the  other  {hows,  that  by  the  Ap¬ 
pointment  of  the  Author  of  Nature  we  are  made  fo, 
that  when  certain  Nerves  are  moved  after  a  particular 
Manner,  we  fhould  have  a  particular  Senfation. 

11.  I  can’t  omit  here  an  Experiment  which  is  often  u.  Another 
made  ufe  of  to  divert  Children,  and  which  wonderfully  Proof, 
confirms  this  Opinion.  They  put  a  long  Thread  through 

a  pair  of  Tongs,  and  wind  each  End  of  the  Thread 
about  their  Fore-fingers,  and  then  flop  both  Ears  with 
thofe  Fingers  ;  then  moving  their  Bodies  backward  and 
forward,  they  tofs  the  T ongs  in  the  Air,  and  hit  them 
againft  the  Andirons,  or  any  other  hard  Body.  Nov/ 
though  thofe  that  ftand  by,  hear  but  a  moderate  Sound, 
yet  the  other  hear  a  Sound  as  loud  as  that  of  a  large 
Church-Bell.  It  is  impofiible  to  folve  this  any  other  way, 
but  by  faying,  that  the  Motion  of  the  T ongs  {hakes  the 
String,  which  gives  its  Imprefiion  to  the  Fingers,  and  thefe 
move  the  Parts  of  the  Ear,  to  which  they  are  applied,  and 
by  this  Means  the  Nerves  of  the  Organ  of  the  Ear  are 
alfo  moved. 

12.  Being  afiured  that  Sound  confifts  only  in  feme  Sort  iz.  a  Mlf- 
of  Motion ,  all  that  jemains,  is  to  determine  what  Sort  oftakeof  Ari" 
Motion  that  is  :  And  here  I  cannot  agree  with  Ariflotle  f^isYubjea 
who  would  have  Sound  to  be  the  Motion  of  a  Body  that  of  Sound, 

is  hard ,  polijF d  and  concave  ;  for  it  is  certain,  that  there 
are  a  great  many  founding  Bodies  which  thefe  Qualities 
do  not  belong  to  ;  and  alfo,  that  there  are  none  of  them 
in  Gunpowder  when  it  takes  Fire  in  a  Cannon,  which 
yet  makes  fuch  a  prodigious  Noife. 

13.  Some  perhaps,  out  of  Zeal  to  this  Philofopher,  may  jt>e 
attempt  to  defend  his  Opinion,  by  faying,  that  if  thofe  De- 
Qualities  required  by  him  in  a  founding  Body,  are  hot 

to  be  found  in  the  kindled  Powder,  nor  in  the  Air  lowers. 
which  is  {haken  ;  yet  they  are  in  the  Cannon,  upon  And  of  A«- 
which  he  would  make  the  Whole  of  the  Sound  to  depend. 

But  without  arnufing  one?s  felf  to  find  out  Reafons 
to  confute  this  Opinion  ;  it  {hall  fuffice  to  alledge  the  Ex¬ 
periment  of  what  the' Chy miffs  call  Aurum  Fuhninans . 

What  they  call  fo,  is  only  a  Compofition  of  three  Parts 

(1)  The  Y by fici arts  call  the  auditory  Hearing  and  its  Defcription,  See  Re - 
Haves)  Concerning  the  Organ  of  git  Pb-f  BoikYWU  Part  II,  Chap.  vi. 

of 
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of  Salt-Petre,  two  of  Flowers  of  Sulphur,  and  one  of 
Salt  of  Tartar,  beaten  feparately  in  a  Mortar,  and  then 
mixed  together.  We  muft  take  about  as  much  of  this 
Mixture  as  we  do  of  Gun-powder  to  prime  a  Musket, 
and  lay  it  upon  an  Iron-Plate,  or  a  flat  Tile,  and  put  it 
upon  a  Chafingdifh  of  Fire  ;  then  the  Powder  will  grow 
hot  gradually,  and  be  at  once  ( i )  turned  into  a  Flame, 
which  dilating  it  felf  every  way,  caufes  a  Sound  almoft 
as  loud  as  the  Report  of  a  Musket  well  charged.  In 
this  Experiment,  the  Iron-Plate  or  the  Tile,  ferves  only 
to  hinder  the  Powder  from  taking  Fire,  ’till  it  is  equally 
heated  all  over ;  and  fince  the  Sound  depends  upon  the 
Flame  and  the  Air,  which  are  neither  hard,  nor  polifhed, 
nor  concave,  without  doubt  this  Opinion  of  Ariftotle's 
cannot  be  fupported. 

14.  That  14.  We  choofe  rather  to  fay,  that  Sound  confifts  in 
Sound  con -  a  particular  Sort  of  Motion  of  Bodies ,  than  to  fay  with  A- 
"particular  rifiotU ,  that  it  confifts  in  the  Motion  of  a  particular  Sort  of 
fort  7f  Mo*  Bodies .  For  a  more  diftindt  Explication  whereof,  we  may 
tion.  obferve,  that  the  Bodies  which  we  call  founding  Bodies, 
are  not  applied  immediately  to  our  Ears,  in  order  to  ex¬ 
cite  the  Senfation  of  Sound,  but  for  the  moft  part  adl  by 
the  Interpofition  of  the  Air  which  they  put  in  Motion  ; 
wherefore  we  ought  to  find  out  what  the  Motions  of 
each  of  thefe  are,  when  they  produce  this  Senfation  in 
us. 


j^ihattbis  15.  There  are  fome  Inftances  in  which  it  is  eafier  to 
Motion  may  £nc[  out  the  Manner  in  which  the  founding  Body  is  moved; 
in  the  found-  and  there  are  others  in  which  it  is  eafier  to  find  out  the 
ing  Body ,  Motion  of  the  Air.  The  former  of  thefe  we  will  firft 
and  in  the  eXp]ajn  as  far  as  we  are  able,  viz.  the  Manner  in  which 

Medium.  r  t  t>  t  1 

founding  bodies  are  moved. 

16  What  the  *6*  And  to  begin  with  the  Lute,  or  any  fuch  kind  of 
Sound  of  the  Inftrument  that  is  played  upon  with  the  Fingers ;  it  is  to 
String  of  a  be  obferved,  that  the  Strings  being  ftretched,  are  «as  ftreight 
Luttconfp  as  |s  p0flib]e?  anj  that  in  playing  upon  them  they  are  put 

out  of  their  Pofition,  and  bent  a  little  by  the  Fingers  ; 


in 


but  as  foon  as  they  are  let  go,  they  return  again  to  the 
Place  out  of  which  they  are  moved,  and  the>  Velocity 
which  they  acquire  in  returning,  makes  them  go  a  little 
beyond  it ;  then  they  come  back,  and  go  a  little  beyond 
the  Place  of  Reft  again  ;  and  thus  they  go  and  come  fe- 
vcral  times,  or  have  feverai  Vibrations,  and  in  this  tremb¬ 
ling  Motion  confiffs  their  Sound. 


(1)  fumed  into  a  Flame )  See  this  Fhxsniomenon  explained  in  the  Notes 
* n  I' a  t  ill*  Chap-  ixt  J  3» 

17.  The 
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17.  The  Sound  of  the  Strings  of  a  Violin  confifts  in  T7  What 
the  Agitation  they  are  put  into  by  the  moving  of  the 
Hair  of  the  Bow  over  them  which  is  made  rough  and  a  violin 
jagged,  almoft  like  a  Saw,  by  being  rubbed  with  Rofin.  covflfa  . 
Which  is  fo  true,  that  if  the  Hair  of  the  Bow  be  rub¬ 
bed  with  Tallow  or  Oil,  the  Strings  will  have  no 
Sound,  becaufe  they  flip  under  it,  and  are  not  fhaked  by 
it. 


18.  The  Sound  which  a  Drinking-Glafs  makes  when  *8.  wist 
the  Finger  prefling  hard  upon  it  moves  round  the  upper 

Edge  of  it,  confifts  in  the  Vibrations  like  thofe  of  the  Glafs conftfts 
Strings  of  a  Violin;  it  being  evident,  that  the  Finger  here 
fupplies  the  Place  of  a  Bow. 

19.  The  Sound  of  a  Bell  confifts  in  a  T rembling,  pretty  19.  What 
much  like  that  of  the  String  of  a  Lute :  For  it  is  certain,  the  Sound  of 
that  the  Blow  given  it  by  the  Clapper  alters  its  Figure  a 

little,  fo  that  from  being  round,  it  becomes  oval  :  And 
becaufe  it  is  made  of  Metal  very  ftiff  and  fpringy ;  that 
Part  which  is  moft  diftant  from  the  Center,  returns  to¬ 
wards  it,  and  fomewhat  nearer  than  it  was  at  firft,  fo 
that  the  Places  which  were  at  the  Extremities  of  the 
longer  Diameter,  are  the  Extremities  of  the  (horter  one  ; 
and  thus  the  Circumference  of  the  Bell  changes  its  Figure 
by  T urns,  all  the  time  it  is  founding. 

20.  It  will  be  very  eafy  for  any  one  to  believe  what  is  «0.  A  Proof 
now  faid,  if  he  obferves,  that  in  laying  his  Hand  upon  a 

large  Bell  juft  when  the  Clapper  ftrikes  againft  it,  he  will 
feel  a  manifeft  Numnefs. 

21.  If  the  Bell  be  very  fmall,  as  the  Trembling  is  ea- 

fily  ftopt  by  putting  our  Hand  to  it,  fo  ought  the  Sound  ^ben  touch- 
to  ceafe  alfo.  And  indeed  there  are  very  fmall  Bells,  which  ed,  ceafesto 
if  they  be  but  very  lightly  (truck,  will  found  for  a  long  foun(i* 
time  ;  but  if  we  lay  our  Hand  upon  them  as  foon  as  they 
are  (truck,  their  Sound  will  immediately  ceafe. 

22.  But  the  Sound  of  a  great  Bell  is  not  fo  eafily  (top-  22.  Why  the 
ped  by  laying  our  Hand  upon  it,  becaufe  it  has  more  Mo-  Sou”f^fs 
tion,  and  becaufe  it  can  transfer  fuch  a  fmall  Part  of  its  ^tfo  eaftiy 
Motion  to  the  Hand,  and  referve  enough  to  make  it  b eftpped. 
heard. 

23.  The  Sound  raifed  by  ftriking  a  Piece  of  Wood,  or  23-  Wfy  * 
in  general,  any  hard  founding  Body,  confifts  in  a Trem-  wbentii* 
bling,  like  that  of  a  Bell ,  which  is  owing  to  its  Sprin-  ft  ruck. 
ginefs. 

24.  Wherefore  Bodies,  which  have  not  this  Property  of 
Springinefs,  have  ©ply  a  very  low  and  ijnperfedt  Sound  -bl™  bit  lit- 

And  de  Sound . 
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And  this  is  the  Reafon  why  Lead  and  Clay>  when  they 
are  ftruck  againft  have  fcarce  any  Sound. 

%lt  rf  Mati-  25‘  ^ter  w^at  ^as  ^een  it  will  not  be  very  dif- 
oJoftbe  Air  ficult to  determine  what  fort  of  Motion  it  is  in  the  Air 
it  is  tn  which  produces  in  us  the  Senfation  of  Sound  ;  for  it  is 
evident,  that  ( i )  this  Motion  of  the  Air  muft  neceflarily 
J  *  be  fuch,  as  the  T rembling  of  the  Sounding  Bodies  is  ca¬ 
pable  of  producing  in  it :  that  is,  the  Air  ought  to  trem¬ 
ble,  and  bubble,  and  alfo  by  rifing  and  falling,  to  divide 
it  felf  into  an  infinite  number  of  very  fmall  Particles, 
which  by  trembling  and  linking  againft  one  another, 
muft  have  a  very  quick  Motion  ;  fo  that  the  Air  muft 
be  fomething  like  a  Liquor  that  fimpers  and  does  not 
quite  boil.  This  is  confirmed  by  what  we  fee  of  a  Mo¬ 
tion  very  like  this  in  a  large  Tub  of  Water,  by  moving 
a  Stick  backwards  and  forwards  in  it  very  quick ;  for 
this  Motion  of  the  Stick  is  very  like  that  of  the  Strings 
of  a  Lute,  only  thefe  are  much  larger  and  the  other 
flower* 

a S.AwjiMe  26.  We  may  be  certain  of  this  Motion  or  Trembling  of 
Dtmonjlra-  the  Air,  if  we  confider  that  the  founding  Body  ought  to 

‘mJL.  imPrefs  the  &me  fort  of  Motion  upon  it,  that  it  does 
upon  other  Liquors.  Thus,  if  a  Glafs  be  half  full  of 
Water,  and  we  make  it  found  in  the  Manner  before- 
mentioned,  by  moving  our  Finger  along  the  upper  Edge 
of  it  ;  it  muft  without  doubt  fhake  the  Air  as  it  does 
the  Water ;  (2)  now  we  fee  the  Water  tremble  and  boil, 
and  alfo  by  jumping  out ,  batter  and  break  it  felf  in 
fuch  a  manner,  that  a  great  many  fmall  Drops  fly  a 
good  way  out  of  the  Glafs.  Whence  we  muft  con¬ 
clude,  that  the  Air  has  the  fame  fort  of  Trembling  or 
Boiling. 


(1)  This  Motion  of  the  Air )  For 
the  Parts  of  the  founding  Bodies  go- 
ing  and  coming  by  Turns,  thiuft  and 
drive  forward  as  they  go  thofe 
Parts  of  the  Air  which  are  next 
them,  and  by  preffirg  upon  them, 
condenfe  them  j  then  by  returning, 
they  permit  the  Parts  thus  compref- 
fed,  to  fpread  and  dilate  themfelves 
again.  Thofe  Parts  of  the  Air  there¬ 
fore  which  are  next  to  the  founding 
Body,  go  and  come  by  turns  agree¬ 
ably  to  the  tremulous  Agitation  of 
the  Parts  of  the  founding  Body  j 
and  in  the  fame  manner  as  the 
Parts  of  that  Body  agitate  thefe  Parts 


of  the  Air,  do  thefe,  being  agitated 
with  the  fame  Sort  of  Tremblings, 
agitate  thofe  Parts  that  ire  next 
them  ;  and  thefe  in  like  manner  a- 
gitate  thofe  beyond  them,  &c.  This 
being  allowed,  the  manner  how  the 
Pulfes  are  propagated  along,  and  al] 
the  other  Phenomena  of  Sounds,  are 
very  advantageoufly  explained.  See 
Newt.  Pbilofopb.  Princip.  Matbemat . 
Bdok  II.  Prop.  43, 

(2)  Now  we  fee  the  Water  tremble) 
You  may  fee  a  Cafe  of  this  Experi¬ 
ment  very  well  worth  obferving  in 
the  Notes  on  tbs  45  :b  An.  of  this 
Cbof:  st, 

27.  After 
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27.  After  having  fufficiently  (hown  the  Motion  of  the  27 >  Whence 
Air,  which  is  neceffary  to  make  us  hear  any  Sound  :  It  ** 
is  eafy  to  conceive  that  the  Air  in  palling  by  fome  hard  which  is  9 
and  immoveable  Bodies,  may  move  it  felf  fometimes  in  h . 
fuch  a  manner.  Thus,  when  we  whittle,  by  blowing  ^Tnlelfa 
into  the  Hollow  of  a  Key ,  it  happens,  that  the  Air  which  Key. 
enters  in,  fills  one  half  of  the  Hole,  and  the  Air  which 
comes  out  fills  the  other  half ;  and  thefe  two  Parcels  of 
Air  Hiding  by  one  another  with  contrary  Motions ;  a 
great  many  of  their  Parts  mutt  neceffarily  be  made  to 
turn  round  and  to  tremble,  and  the  whole  Air  which 
is  betwixt  him  that  whittles  and  him  that  hears  mutt  alfo 


be  made  to  turn  round  and  to  tremble. 

28.  We  mayobferve  here,  that  there  are  Bodies,  which 
are  opened  by  Fits  to  let  the  Air  through,  and  which 
by  this  means  caufe  us  to  hear  a  particular  Sound,  which 
is  alfo  a  very  confiderable  one.  Of  this  Sort  are  the 
Rows  of  Pipes  which  compofe  an  Organ,  or  the  fingle 
Pipe  of  a  Bag-pipe.  Thefe  Bodies  themfelves  are  not  mo¬ 
ved  in  order  to  produce  Sound  ;  but  the  Air  being  firft 
put  into  Motion,  endeavours  to  pafs  through  them,  but  is 
forced  to  go  out  trembling,  and  fo  impreffes  on  the  rett 
of  the  Air  the  fame  Sort  of  T remblings  as  the  Strings  of 
a  Violin  do,  and  fo  caufes  us  to  hea£  a  Harmony,  the 
Motions  of  which  are  T rembling. 

29.  And  in  the  fame  manner  is  the  Voice  of  Animals 
formed  :  For  there  is  a  fmall  Valve  at  the  End  of  the 
Trachea,  which  performs  the  Office  of  the  Valves  of  the 
Tubes  which  compofe  an  Organ  ;  which  Valve  we  can 
contract  as  we  pleafe,  and  let  the  Air  out  of  the  Lungs 
by  Fits.  And  becaufe  this  Valve  for  the  moft  part  con¬ 
tinues  open,  therefore  the  Air  in  Refpiration  comes  out 
commonly  without  any  trembling ,  and  confequently 
without  making  any  Noife. 

30.  It  would  be  too  tedious  to  explain  particularly  all 
the  different  Manners  in  which  Sound  is  produced.  But 
becaufe  there  is  fomething  fingular  in  the  Sound  of  a  Can¬ 
non  when  it  is  difcharged,  becaufe  the  Flame  feems  to 
give  but  one  and  not  a  repeated  Shake  to  the  Air,  there¬ 
fore  it  may  be  worth  while  to  explain  how  fuch  a  prodi¬ 
gious  Noife  is  made.  It  is  to  be  obferved  then,  that  the 
Gun-powder,  when  it  takes  Fire,  (i)  is  fo  extraordinarily 
dilated,  as  to  take  up  above  aThoufand  times  the  Space 


2?.  Row  the 
Sound  of  an 
Organ-Pipe 
or  Bag-Pi  ft 
ii  made. 


29.  How  the 
Voice  of  A- 
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(1)  h  fo  extraordinarily  dilated)  tion.  See  the  Notes  on  Part  III. 

F^rthe  t/ue  Reafon  of  this  DilaU-  Ckaf.  i*.  Art,  13. 

2  that 
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that  it  did  before ;  fo  that  it  drives  before  it  every  Way 
all  the  Parts  of  the  grofler  Air  which  was  in  this  Space, 
and  thefe  Parts  can  find  no  where  to  go,  but  by  prefling 
upon  other  Parts,  and  driving  them  on  likewife  -y  and  at 
the  fame  time  they  fqueeze  out  the  fubtile  Matter  which 
mixing  with  the  Powder,  compofe  that  fenfible  Mafs 
which  we  call  Flame.  Hence  it  follows,  that  there  is  in 
the  Air  two  contrary  Motions  ;  the  one  of  which  gathers 
together  and  unites  the  moft  fubtile  Parts,  and  the  other 
difperfes  the  grofier  ones.  And  this  would  be  done  in  a 
Moment,  but  that  the  grofler  Air  which  is  condenfed  all 
round,  has  a  Tendency  to  return  into  that  Place  out 
of  which  it  was  driven,  and  towards  which,  after  the  Vi¬ 
olence  of  the  Flame  is  over,  its  own  Weight  forces  it,  and 
that  with  fuch  an  Impetus,  that  it  becomes  more  denfe 
than  it  ordinarily  is  j  whence  it  will  be  reflected  again  all 
round,  or  condenfed  anew ;  becaufe  being  rarefyed  again, 
it  returns  to  the  Place  which  it  had  quitted ;  and  thus  it 
quits  and  takes  again  the  fame  Place  feveral  times  fuc- 
ceflively  ;  and  this  is  theReafon  of  thatfhort  Continuance 
of  the  Noife  of  a  Cannon  when  it  is  difcharged. 

31.  T hat  the  gi.  However  it  is  to  be  obferved,  that  the  Ear  may 

tbf Sound^  f°metimes  be  fo  ftrongly  moved,  that  it  may  continue  to 
continuet  tremble  fome  fhort  time  after  the  Air  has  done  trem- 
longerfome  -  bling  .  and  for  this  Reafon ,  the  Senfation  of  Sound 
tbee Sound  it  m2LY  fometimes  continue  after  the  Agitation  without  is 
fe/f.  ceafed. 

32.  Why  the  32*  Becaufe  the  trembling  Motion  of  the  Air  in  which 
Flajb  of  a  Sound  confifts,  is  communicated  gradually,  fo  that  it 
Cannon  u  affe^s  thofe  Parts  which  are  near  the  founding  Body 
the  Sound  is  fooner  than  thofe  that  are  further  off,  the  Sound  muft 
heard.  neceflarily  take  up  fome  time  in  going  along  :  And  fo  we 

find  by  Experience,  that  if  a  Cannon  be  difcharged  at  two 
or  three  Miles  cl i fiance  from  us,  we  fee  the  Flafh  fome 
time  before  we  hear  the  Noife. 

33.  Why  the  33.  And  becaufe  the  Motion  which  is  imprefied  by 
Sound  grows  the  founding  Body  upon  the  Air  clofe  by  it,  is  tranf- 
'furthlr  Le  ferred  from  one  Part  of  the  Air  to  another  fucceflively, 
are  fftant  and  always  pafies  from  a  lefs  Quantity  to  a  greater,  in 
from  the  proportion  to  its  Diliance  from  the  founding  Body  ; 
Sjsody^  therefore  near  the  founding  Body,  there  muft  always 

be  more  Motion  in  a  given  Quantity  of  Air,  than  there 
is  at  a  greater  Diftance  j  fo  that  the  Sound  ought  to  grow 
weaker  as  it  is  further  from  the  founding  Body. 


34«  TU- 
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34.  The  Propagation  of  Sound  may  very  well  be  (1)  34*  Ebst 
compared  with  Circles  made  in  the  Water,  by  throwing  f Ton* with 
a  Stone  into  it.  And  as  thofe  which  are  made  in  a  run-  the  Wind , 
ning  Stream,  extend  themfelves  further  towards  the  lower  ouzbt  to  be 
than  towards  the  upper  Part  of  the  River,  becaufe  the  ^JntJben 
whole  Water  in  which  they  are  formed  carries  them  in- agaimji  it, 
tire  that  Way  :  So  likewife  may  we  conceive,  that  if  the 
Wind  carries  the  Air  towards  one  certain  Place,  the  trem¬ 
bling  Motion  in  which  Sound  confifts,  will  fooner  go  this 

Way  than  the  contrary.  Thus  we  find  by  Experience, 
that  we  hear  the  Sound  of  a  Cannon,  and  in  general  all 
other  Sounds,  (2)  fooner  with  the  Wind  than  againft  it. 

And  it  may  happen,  that  the  Air  may  be  moved  fo  quick, 
that  its  Parts  may  flee  from  us  as  faft  as  the  Sound  goes, 
and  fo  we  may  not  hear  it  at  all. 

35.  Becaufe  Sound  is  propagated  everyWay,  as  it  were  3  5,  How  an 
from  the  Center  to  the  Superficies  of  a  Sphere,  it  may  Echo  is 

fo  happen,  that  the  Parts  of  the  Air  which  would  com-  made% 
municate  their  Motion  to  fuch  as  are  at  a  greater  Difiance, 
may  meet  fome  hard  Body  which  they  cannot  fhake  ; 
and  this  may  caufe  them  fome  Way  to  be  reflected  back 
again,  and  make  them  communicate  their  Motion  again 
to  thofe  Parts  from  which  they  received  it,  and  thefe  to 
others  ;  fo  that  there  will  be  a  new  T rembling  of  the 
Air  inftead  of  that  which  began  firft,  and  hath  already 
ceafed  for  fome  Time  :  Confequently  we  may  hear  again 
the  fame  Sound  which  we  heard  at  firfi  5  and  this  redoub¬ 
led  Sound  is  what  we  call  an  Echo. 

36.  If  the  Sound  meets  with  feveral  Bodies  at  different  36.  How  an 
Difiances,  which  are  capable  of  reflecting  it  back  again  ;  Echo 

if  that  which  returns  from  the  moft  diftant  Place  firikes  jpokenfwe- 
upon  the  Ear,  after  the  Impreffion  of  the  former  is  retimes. 


(1)  Compared  with  Circles  made  in 
the  W ater )  If  the  Water  be  put  in 
Motion,  by  throwing  in  a  Stone, 
or  by  moving  our  Finger  or  a  Stick 
backward  and  forward  in  it ,  the 
Waves  will  immediately  furround 
our  Finger ;  and  if  during  the  Agi- 
tion  it  be  carried  ftreight  forward 
towards  any  Part  without  turning  it 
round,  yet  thefe  Waves,  as  if  they 
were  concentrick  Circles,  will  be  e- 
«jually  propagated  everyWay  y  which 
Comparifon  does  very  properly  foow 
us,  that  the  tremulous  Motion  of  the 
Air  ought  to  be  propagated  not  only 
the  fame  way  that  every  one  of  the 
Particles  of  the  founding  Body,  fuch 


as  the  Strings  of  a  Violin,  are  agi¬ 
tated  j  but  alfo  to  be  propagated  in  a 
Circle  all  V/ays  horn  the  founding 
Body  as  the  common  Center. 

(a)  Sooner  with  the  Wind  than  a- 
gainjl  it)  The  Gentlemen  at  Florence 
thought  they  had  found  by  certain 
Experiments,  that  Sound  is  propaga¬ 
te!  with  the  fame  Celerity  againft  the 
Wind,  as  with  if,  though  much 
more  fa’nt,  Exper.  Head,  del  Ci¬ 
me  n  to,  p.  140.  Eut  the  induftiious 
Mr.  Derbam  found  it  otherwife  in 
Experiments  made  at  a  much  greater 
diftance.  Seethe  Philosophical  It anf- 
aci  onty  Nwr.b,  3.13. 
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quite  gone  off,  it  muff  in  its  T urn  produce  a  new  Senfa- 
tion  of  Sound.  Whence  it  is  evident,  that  we  may  meet 
with  Echo's  which  repeat  the  fame  Word  feveral  times 
over. 

37.  According  to  the  Inclination  with  which  the  Air 
ftrikes  upon  the  Bodies  which  reflect  the  Sound,  ought  the 
Reflection  to  be  on  the  one  Side  or  on  the  other,  which 
is  the  Reafon  why  there  are  fome  Echo's  where  he  who 
fpeaks  does  not  hear  the  Words  that  are  repeated,  when 
others  who  are  at  fome  Diftance  from  him  can  hear  them 
repeated  diftinCtly. 

38.  As  to  the  Difference  of  Sounds  that  we  meet  with, 
which  conftitutes  the  different  Species  of  them,  as  Flats 
and  Sharps ;  the  mufical  Inftruments  fufEciently  {how  us* 
that  they  confift  in  the  different  Motion  both  of  the 
founding  Body,  and  of  the  Air  which  is  agitated  by  it. 
For  the  more  the  Strings  of  a  Lute  are  Jlrained ,  the 
Jharper  the  Sound  is  ;  and  on  the  contrary  j  the  loofer  the 
Strings  are,  the  more  flat  is  the  Sound.  Now  it  is  cer¬ 
tain,  that  the  more  a  String  is  ftretched,  the  fwifter  and 
more  frequent  is  the  Motion  which  it  impreffes  on  the 
Air  :  whence  it  follows,  that  a  Jharp  Sound  confifts  in 
the  Quicknefs  and  in  the  fudden  Reiteration  of  the  Motion 
upon  which  the  Sound  depends ,  and  a  fiat  Sound  confifts  in 
the  Slownefs. 

39.  When  two  founding  Bodies  ftrike  upon  the  Air  at 
the  fame  time,  they  muft  imprefs  fuch  a  Motion  upon  it, 
as  is  compounded  of  the  two  Motions  which  would  be 
caufed,  if  they  aefted  upon  it  feparately  ;  and  confequenily 
the  Air  ought  to  put  the  Organ  of  Hearing  into  luch  a 
Sort  of  trembling  Motion,  as  may  raife  a  Senfation  com-* 
pofed  of  each  of  the  Senfations  which  the  Bodies  would 
raife  feparately. 

40.  And  if  the  Motion  of  thefe  two  founding  Bodies 
do  fo  exactly  agree,  that  the  Tremblings  which  they  caufe 
in  the  Air  in  a  given  Time  are  commenfurable,  that  is, 
at  the  fame  time  that  the  one  ftrikes  the  Air,  the  other 
ftrikes  it  alfo,  or  at  leaft,  that  they  ftrike  together  every 
fecond  or  third  Stroke  ;  then  the  Ear  will  be  fo  uniformly 
ftruck  upon,  and  in  fuch  Meafure,  that  it  will  perceive 
the  Diftance,  and  be  pleafed.with  the  Cadence  ;  and  in 
the  Strokes  being  thus  commenfurable  very  probably  con¬ 
fifts  thofe  Concords  which  Muficians  call  an  Unifon  and 
Ofiave ,  a  Fifth  and  a  Third . 

41.  On 


A 
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41.  On  the  contrary,  if  the  Tremblings  imprefled  on  Why 
the  Air  by  the  Sounding  Bodies  be  incommenlurable,  that  ^eDfordt, 
is,  if  they  do  not  agree  in  Time  nor  ftrike  together  ;  we 

muft  perceive  the  Inequality  of  the  Sound  ;  and  becaufe 
they  do  not  move  the  Ear  uniformly,  they  cannot  pro¬ 
duce  any  Harmony ;  and  in  the  Strokes  being  thus  in- 
commenfurable,  confifts  very  probably  the  ’Tones  which 
Muficians  call  Difcords. 

42.  From  what  has  been  faid  concerning  the  Motion  42*  *Thattbt 
imprefled  on  the  Air  by  founding  Bodies,  feme  Perfons 
perhaps  may  be  apt  to  think  that  thofe  imprefled  by  the  String  of  a 
Strings  of  a  Lute  are  not  equal ;  but  quicker  at  firft,  and  do  not 
flower  as  the  Motion  ceafes  ;  but  it  is  not  very  difficult  to 

Ihow  that  the  contrary  is  true,  if  we  obferve,  that  the  the  frjl> 
Motion  of  the  String  when  it  almoft  ceafes  to  be  agitated, 
may  be  made  up  by  the  Shortnefs  of  the  W ay  it  has  to 
go  :  So  that  it  takes  up  neither  more  nor  lefs  T  ime  in 
making  its  firft  and  longefl  Vibrations,  than  it  does  in 
making  its  laft  and  fhorteft. 

43.  There  muft  indeed  be  fome  Pains  requifite  to  prove  43-  °f  e& 
the  Truth  of  this  by  Experiments  :  For  it  is  impoffible  to  ^otfl  i 
do  it  by  the  Strings  of  a  Lute,  becaufe  of  the  fmall  Time 

that  they  take  to  make  feveral  hundred  Vibrations  in.  But 
becaufe  the  Motion  we  are  fpeaking  of  is  very  like  that 
of  a  Weight  hanging  in  the  Air  at  the  End  of  a  Strings  we 
may  imagine,  that  what  we  obferved  of  the  Motion  of  the 
one,  may  be  equally  applied  to  the  other  :  Nov/  we  find 
by  Experience,  that  if  this  Weight  be  drawn  from  the 
Perpendicular,  and  then  let  go,  fo  as  it  may  fwing  freely, 
all  the  Vibrations  till  it  ceafes  to  move  at  all,  will  be  made 
in  the  fame  Time.  For  if  we  will  be  at  the  Trouble  to 
count  how  many  Pulfes  of  the  Artery  there  are  in  the 
firft  t  wenty  Vibrations  fuppofe,  we  (hall  find  as  many  in  the 
twenty  following  Ones,  or  in  any  other  T wenty,  which 
you  will :  Now  from  this  fingle  Experiment  we  may  con¬ 
clude  that  every  Vibration  of  the  String  of  an  Inftrument 
is  made  in  the  fame  Time,  and  that  the  Laft  take  up  no 
more  than  the  Firft.  And  becaufe  this  Experiment  is 
very  eafy  to  make,  and  is  a  curious  one,  and  may  ferve 
as  a  Principle  from  whence  many  important  Conclufions 
in  Mufick  may  be  drawn  ;  it  is  worth  any  one’s  while  to 
be  at  the  Pains  to  obferve  the  Motions  of  thefe  Pendulums, 
and  to  put  feveral  of  them  in  Motion  together.  P  or  we 
fhall  then  fee,  that  thofe  which  are  of  an  equal  Length, 
and  alike  in  every  other  refpeit,  will  perform  their  Vibra¬ 
tions  in  the  fame  T ime  5  and  that  thofe  which  are  of  dif- 
V  o  l.  I.  O  ferent 
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ferent  Lengths,  require  different  Times,  viz.  the  Shorter, 
the  lefs  Time,  fo  that  their  Vibrations  will  be  to  each  o- 
ther  (i  )  in  a  reciprocal  Proportion  of  the  Square  Root  of 
their  Lengths  ;  and  thus  what  we  have  faid  of  the  com- 
menfurability  of  Sounds,  and  the  Concords  of  Mufick,  is 
confirmed. 

44.  Whence  44.  From  hence  we  may  alfo  clearly  apprehend  how 
sfre^of  different  Sorts  of  Voices  are  made,  and  why  the  fame 
Voices  arife.  Mouth  may  caufe  by  turns  a  iharp  and  a  flat  Sound.  The 
and  why  the  Reafon  of  which  is,  that  the  Epiglottis  which  is  placed  at 
^Children  are  End  of  the  Pipe  through  which  we  breath,  and  which 
generally  opens  to  give  a  Paflage  for  the  Air  in  order  to  form  the 
(harper  than  Voice,  may  be  lifted  up  and  let  down  at  Pleafure,  that 
grfwfpeo.  is,  fo  as  fometimes  to  be  altogether  and  from ^  its 
%lu  Roots  open,  or  fhut,  and  fometimes  in  Part  only.  Now 

that  which  can  be  lifted  up  in  fuch  a  manner  as  this,  by 
Turns,  and  as  it  were  with  a  trembling  Motion,  to  let  the 
Air  out  with  the  fame  fort  of  Motion,  refembles  a  Pen¬ 
dulum  ;  whence  it  follows,  that  the  Tremblings  of  the 
Voice  muff  be  fo  much  the  quicker,  the  lefs  the  Epi¬ 
glottis  which  regulates  the  Motion,  is  lifted  up,  and  on 
the  contrary,  they  are  the  flowed:  that  can  be,  when  the 
Epiglottis  is  at  liberty  to  lift  it  felf  quite  up.  *>  Upon  this 
Flexiblenefs  of  the  Epiglottis  depends  all  the  Variety  of 
Tones  of  the  Voice  ;  for  the  Air  which  comes  out  of 
the  Lungs  being  differently  agitated  according  to  the  dif¬ 
ferent  Pofition  of  the  Epiglottis ,  impreffes  the  Motion 
it  received  as  it  came  out,  upon  the  external  Air,  which 
ftriking  the  Ear  differently  is  the  Caufe  of  all  that  Diver- 
iity  which  we  obferve  in  Sounds.  And  becaufe  Children 


(1)  7«  a  reciprocal  Proportion}  Here 
the  Number  of  Vibrations  in  a  given 
Time  are  compared  with  each  other. 
But  if  the  'limes  cf  the  Vibrations 
be  compared  together  (which  is  the 
better  Way)  then  we  mull  fay,  that 
the  Vibrations  are  to  each  other,  as 
the  fquare  Roots  of  their  Lengths 
dire&ly.  As  may  be  thus  demon- 
ihrated.  We  fuppofe  that  the  Ac¬ 
celeration  of  heavy  Bod:es  in  falling 
is  fuch,  that  the  Spaces  they  run 
through,  are  the  Squares  of  their 
Times  (which  fhall  be  demonftra- 
ted  in  its  proper  'Place.  See  the 
Notes  on  Part  Chap.  xxviii.  Ait. 
16.)  then  if  we  imagine  fimilar  Arcs 
©f  unequal  Circles  to  confift  of  an 
infinite  Number  of  Sides  of  fimilar 


Polygons,  and  that  they  are  in  the 
fame  Pofition  with  refpeft  to  the 
Earth  j  then  it  is  evident,  that  the 
Square  Roots  of  the  Arches,  or  of 
the  Spaces  run  through,  and  for  the 
fame  Reafon,  their  Radius’s  or  the 
Length  of  the  Strings,  will  repre- 
fent  the  Times  of  the  Defcent  of 
Pendulums  5  and  becaufe  the  impetus 
or  Velocity  in  afeenoing  ;  is  evident¬ 
ly  deftroyed  equally  in  the  fame 
manner,  and  in  the  fame  time  as  it 
was  acquired  in  defeending  j  there, 
fore  the  whole  Vibrations  of  thefe 
Bodies  muft  ntcefiarily  have  the  fame 
Proportion  to  each  other,  as  the 
Square  Roots  of  the  Lengths  of  the 
Strings.  See  the  Notes  on  Part  II» 
Cbapi  xxviiif  Art.  16, 


have 
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have  generally  all  the  Parts  of  their  Bodies  proportioned 
to  their  Bignefs,  and  confequently  their  Epiglottis ,  Ids 
than  in  grown  Perfons,  therefore  the  Voice  is  generally 
fharper. 

45.  And  altogether  as  eafy  is  it  to  account  for  an  Exps-  45.7^^.  • 
riment  which  at  firft  Sight  has  furprized  a  great  many  on  °f  t,3e 
Perfons  ;  which  is,  that  if  two  Strings  of  the  lame  Lute,  %™pp*fyh°f 
or  of  different  Lutes  that  are  near  one  another,  be  Uni -  areConclrds \ 
fons >  we  cannot  move  the  one,  ( 1 )  but  the  other  will  found 

alfo,  at  lead:  it  will  tremble  ;  whereas  it  will  not  tremble 
at  all,  if  we  move  any  other  String  near  it,  which  is  not 
a  Concord.  Now  the  Real  on  of  this  Experiment  is,  that 
the  Strings  which  are  Concords ,  are  capable  of  the  fame 
Vibrations  ;  fo  that  the  Air  which  is  put  in  Motion  by 
the  one,  can  very  conveniently  communicate  its  Vibra¬ 
tions  to  the  other;  which  cannot  be  in  two  Strings  that 
are  not  Enifons  ;  for  there  is  no  Agreement  in  them,  be- 
caufe  the  Air  which  is  put  in  Motion  by  the  one,  does 
not  find  the  other  at  ail  difpofed  to  receive  its  Motion  ; 
and  every  Stroke,  except  the  Firft,  is  out  of  Time,  fo 
that  by  not  agreeing  they  deftroy  each  other’s  Motion. 

46.  Tnis  Experiment  has  raifed  the  Admiration  ofma-  4 S. The  fame 
xif  Perfons  for  a  long  time,  and  fome  have  undertaken  to  ^e  found* 
account  for  it,  by  faying,  that  there  is  a  Sympathy  be-  in  other 
tween  the  two  Strings  ;  but,  befide  that  this  is  only  a  Way  SodlcS* 

of  fpeaking,  we  may  obferve,  that  the  Difpofition  which 
a  Body  has  to  move,  when  the  Air  is  fhaken  by  another 
Body,  (2)  is  to  be  found  in  other  Things  as  well  as  in  the 
Strings  of  a  Lute,  or  other  Mufical  Inftrument  :  This  X 
have  experienced  in  the  late  Wars,  when  I  have  obfer- 
ved  the  Glafs- Windows  to  tremble  very  fenfibly  upon 
the  beating  of  a  certain  Drum,  and  at  the  fame  time 
would  not  tremble  at  all  upon  the  beating  of  others  which 
were  much  louder. 


(1)  But  the  other  will  Sound  a!fo) 
So  likewife  if  two  Glafles,  by  put¬ 
ting  in  a  proper  Quantity  of  Water, 
•fce  made  Unifons  3  the  prelling  our 
Finger  hard  upon  the  Edge  and  mov¬ 
ing  it  rouna  either  of  them  ,  will 
make  the  Water  in  the  other  curl, 
aqd  dance  about. 

(2)  Is  to  be  found  in  other  Things) 
Thus  Mr.  Boyle  relates  concerning  a 


lick  Man  that  had  his  Left  Hand  cut 
oft  j  upon  the  difcharging  of  Can¬ 
nons,  he  thought  himlelf  almoft: 
Shattered  and  torn  to  Pieces  j  and  of 
another,  that  upon  fcraping  a  piece 
of  Iron  with  a  Knife,  he  could  not 
hold  his  Water ;  and  of  a  Third, 
that  upon  tearing  thick  Paper  hia 
Gums  would  bleed.  See  his  Ejfeft  of 
languid  Motion» 


O  2 
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4 What  is  47  #  To  thefe  Sort  of  Motions,  I  conceive  we  may 
*thhe  c™£ef_  afcribe  the  Caufe  of  a  certain  Shivering ,  which  we  fome- 
*i%wbich~  times  feel  all  over  our  Body,  and  which  reaches  even  to 
feel  upon  our  veiy  Heart,  when  we  hear  the  Sound  of  a  T rum- 

iVumL*  Pet’  or  kind  j  F°r  lt  may  be  that  the 

rumpe .  jgjood  is  fo  difpofed,  as  to  yield  eafily  to  the  trembling  of 


the  Air. 

48 .Howive  48.  And  becaufe  the  Membrane  of  the  Ear,  which  is 

render  our  moveci  by  the  Agitation  of  the  external  Air,  the  dif- 
n^TaT  ferent  fhaking  of  which  caufes  different  Motions  in  the 
to  bear  Capillaments  of  the  Nerves  of  the  Ear»  is'fomething 
Sounds  di-  like  the  Parchment  of  a  Drum  (and  is  therefore  by  fome 
*tnaJ'  cai|eci  tbe  Drum  of  the  Ear;)  I  am  of  Opinion,  that  it  is 
capable  of  being  more  or  lefs  fhaked,  according  as  it  is 
more  or  lefs  ftretched.  Wherefore  I  can  eafily  perfuade 
my  felf,  that  we  fometimes  ftretch  or  loofen  it,  in  or¬ 
der  to  receive  the  Impreflion  of  the  Sound  more  fenfi- 
bly,  and  to  make  it  the  better  agree  with  the  Motion  of 
the  external  Air :  So  that  Attention  confifts  in  nothing 
elfe  but  in  a  due  ftretching  or  loofening  this  Membrane ; 
and  keeping  it  in  that  Pofition  in  which  it  will  beft  re¬ 
ceive  the  Impreflion  and  Motion  which  the  Sound  gives 
to  the  external  Air. 


CHAP.  XXVII. 

Of  Light  and  Colours,  and  of  Lranfparency,  and 

Opakenefs. 

1.  7he  Jirft  T  F  in  any  Thing  Exadlnefs  be  required  in  the  Meaning 

Senfe  of  tie  A  Gf  Words,  iA  order  not  to  be  furprized  by  any  Equi- 

^and^olour*  vocation,  it  is  principally  in  this  of  Light  and  Colours , 
which  are  commonly  ufed  to  fignify  very  different  Things, 
and  generally  confounded  by  inofl;  Men.  Firft  then  it  is 
to  be  obferved ;  that  as  we  have  given  the  Name  Pam  to 
the.  Senfation,  which  is  raifed  in  us  by  a  Needle  when  it 
pricks  us  ;  fo  likewife  have  we  given  the  Name  Light  to 
that  Senfation  which  we  have,  upon  looking  on  the  Sun 
or  a  Flame,  and  that  of  Colour  to  the  Senfation  raifed  in 
us  by  diverfe  Objects  which  we  call  coloured  ;  thus  in 
particular,  we  give  the  Names  of  a  White  Colour  and  a 
Green  Colour  to  the  Sulfations  which  Snow  or  Grafs  u- 
fually  produce  in  us.  • 

2.  Secondly, 
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2.  Secondly,  By  thefe  Words,  Light  and  Colour,  we  2*  ^ther- 
alfo  underftand,  that  on  the  Part  of  the  extetnal  Objefts  ^vtdilight 
which  is  the  Caufe  of  exciting  in  us  the  forementioned  and  Colour * 
Senfations  :  Thus  by  the  Light  of  the  Flame,  we  mean 
fomething,  I  know  .not  what,  which  occafions  the  Sen- 

fation  of  Light  to  be  excited  in  us  ;  and  by  the  Whitenefs 
of  the  Snow,  we  underftand  fome  othe-r  Thing,  I  know 
not  what,  that  is  the  Occafion  of  our  having  the  Senfa- 
tion  of  JVhitenefs . 

3.  And  becaufe  the  Objects  which  we  call  luminous,  3-  A  thlrd 
fuch  as  the  Sun  or  a  Flame,  do  not  affeft  our  Eyes  im- 
mediately,  but  aft  by  the  Interpofition  of  fome  interveen- 

ing  Bodies,  iuch  as  Air  or  Water  or  Glafs;  yet  that  which 
is  impreffed  on  thefe  Mediums,  whatever  it  be,  is  called 
Light  alfo,  but  Secondary  or  Derivative ,  to  diftinguifh  it 
from  that  which  is  in  the  luminous  Objects  which  is  cal¬ 
led  original  or  innate. 

4.  We  call  thofe  Bodies  Tranfp  arent ,  through  which 
luminous  Bodies  aft  upon  our  Eyes  to  raife  the  Senfation  tbe 
of  Light,  and  through  which  we  can  alfo  fee  Colours,  Tranjparent 
And  we  call  thofe  Bodies  Opake  which  interrupt  the  Afti-  and  °Pake* 
on  of  luminous  or  coloured  Bodies,  or  through  which  we 
cannot  fee  either  Light  or  Colours. 

5.  I  do  not  pretend  to  declare  what  Light  and  Colours  s-Thattbe 
are  in  the  firft  Senfeof  the  Words,  but  leave  it  to  every 

one  to  make  them  clear  to  himfelf  by  his  own  Experi-  lour  cannot 
ence  ;  for  I  think  it  as  impoffible  to  give  another  Perfon  be  deputed* 
a  true  Notion  of  that  particular  Senfation  that  we  have  of 
Colours,  as  it  is  to  give  it  to  one  that  is  born  blind. 

6.  However,  I  may  venture  to  affirm,  that  as  it  of-  6.  *rbat  one 
ten  happens  that  the  fame  Food  may  at  the  fame  time 

raife  different  Taftes  in  two  different  Perfons  ;  fo  it 'may  lo/ne- 
alfo  happen,  that  two  Perfons  looking  in  the  fame  man-  ceffarjiy  rape 
ner  upon  the  fame  Objeft,  may  have  very  different  Sen- 
fations  ;  and  I  am  the  more  perfwaded  of  this,  becaufe  different  per  * 
I  have  experienced  it  in  a  particular  manner  my  felf.A®'* 

For  when  I  had  once  quite  tired  and  weakned  by  right 
Eye  by  looking  intently  for  above  twelve  Hours  toge¬ 
ther  through  a  perfpeftive  Glafs  on  a  Battle  betwixt  two 
Armies,  within  a  League  of  me  ;  1  found  my  Sight  fo 
aftefted  afterwards,  that  when  I  looked  upon  Yellow  Ob- 
jefts  with  my  right  Eye,  they  did  not  appear  to  me  as 
they  uled  to  do,  nor  as  they  now  do  to  my  left  Eye : 

And,  which  is  very  remarkable,  I  do  not  find  the  fame 
Difterence  in  all  Colours,  but  only  in  fome ;  as  for  in- 

O  3  fiance 
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fiance  in  Green,  which  appears  to  me  to  come  near  to 
a  Blue,  when  I  look  on  it  with  my  right  Eye.  This  Ex¬ 
perience  makes  me  believe,  that  there  may  be  fome  Men 
bom  with  that  Difpofition,  which  I  at  prefent  have  in 
one  of  my  Eyes,  and  which  may  continue  all  their 
Lives,  and  perhaps  there  are  others  whofe  Eyes  are  of 
the  fame  Difpofition  with  my  other  Eye.  However,  it 
is  impoffible,  either  for  themfelves  or  any  other  Perfons 
to  perceive  it,  becaufe  every  Body  accuflom  themfelves 
to  call  the  Senfation  which  a  certain  Object  produces 
in  him,  by  that  Name  which  it  ufually  goes  by  ;  which 
yet  being  common  to  the  different  Senfations  that  every 
one  may  poffibly  have,  is  not  the  lefs  ambiguous. 

7.  Atillotle’f  7.  Before  I  come  to  that  Enquiry  which  I  defign,  viz. 

Opinion  a-  what  Light  is,  and  what  the  Colour  of  Objects  is,  which 
°ut  'g:t‘  is  the  principal  Defign  of  this  Difcourfe ;  I  obferve,  that 
Arijlotle  has  treated  of  the  fame  Subject,  in  the  7th 
Chapter  of  his  Second  Book  Concerning  the  Soul,;  where, 
after  having  faid,  that  Colours  depend  upon  Light  in  order 
to  their  being  feen,  he  concludes,  that  thefe  two  Qua¬ 
lities  ought  to  be  explained  together.  And  in  order  to 
determine  what  Light  is,  he  fuppofes  that  fome  Bodies  are 
tranfparent ,  fuch  as  Air,  Water,  Ice,  Glafs,  and  fuch  like. 
And  becaufe  we  cannot  fee  through  any  of  thefe  Bodies  in 
the  Night,  he  fays,  that  then  they  are  in  Power  only  tranf- 
4  parent ,  and  that  in  the  Day-time  they  become  aftually 

tranfparent  •>  And  becaufe  it  is  Light  alone  that  can  bring 
this  Power  into  Aft,  he  concludes,  that  Light  is  the  Aft 
of  a  tra?ifparcnt  Body  as  tranfparent. 

S .HisOpi-  8.  As  to  Colour ,  he  obferves,  that  fince  the  Objedl  in 

Co’Ln°Ut  W'^C^  ^  does  not  apply  it  felf  immediately  to  our 
Eyes,  in  order  to  raile  any  Senfation  in  us,  it  muff  firft 
move  the  Medium  which  is  betwixt  that  and  us  ;  and  be¬ 
caufe  it  cannot  be  perceived  through  Opake  Bodies,  nor 
can  it  be  feen  through  thofe  that  are  only  tranfparent  in 
Power ,  he  concludes,  that  Colour  is  that  which  moves  Bo¬ 
dies  which  are  actually  tranfparent, 

9.  *i bat  be  9.  1  hough  Arijlotle  in  the  ferecited  Chapter,  has  not 

^arc^e"  t^s  Matter  to  the  Bottom,  yet  he  affirms,  that 
CpUinJ'<"  }ie  has  Sufficiently  explained  wha t  Light,  and  Colour ,  and 
nbat  Light  Tranfparency  are,  and  imploys  almoft  all  the  remaining 
ard  Colours  Part  of  his  Difcourfe,  in  refuting  the  Opinions  of  fome 
Fhilofophers  that  were  before  him.  However  he  adds, 
that  Light  is  not  hire,  nor  a  Body  proceeding  from  a 
Luminous  Body,  and  palling  through  a  tranfparent  one  ; 
but  only  th z  Prefence  of  Fire,  or  any  other  luminous  Body 

wish 
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with  the  tranfparent  Body .  But  upon  confidering  this 
Opinion,  I  fee  no  reafon  to  be  fully  fatisfied  with  it,  aa 
if  it  could  not  be  carried  any  further  than  Arijlotle  has 
done,  or  at  leaft,  that  it  cannot  be  more  diftin&ly  ex¬ 
plained.  For  it  is  certain,  we  are  ftill  at  a  lofs  to  find 
out  more  particularly  what  the  Nature  of  tranfparent 
Bodies,  and  alfo  what  the  Nature  of  luminous  Bodies 
is  ;  and  further  how  the  Prefence  of  the  Latter  operates  on 
the  other ,  to  bring  its  Power  Unto  Adi  ;  and  laft  of  all, 
what  that  is  which  moves  a  Body  that  is  adiually  tranf 
parent . 

10.  This  fome  of  the  Commentators  upon  Arijlotle 
have  acknowledged  ;  and  though  they  might  have  had 
fome  Light  from  what  he  has  faid  in  his  Problems,  arid 
particularly  from  (1)  the  61  ft  of  the  Eleventh  Sediion  3  yet. 
they  have  either  overlook’d  what  he  has  faid  in  this 
Place,  or  at  leaft  not  rightly  underftanding  him,  they 
have  advanced  fomething  which  it  does  not  appear  that 
Arijiotle  ever  thought  of,  viz.  that  Light  and  Colours  in 
the  Objects  which  we  call  luminous  or  coloured,  are 
Qualities  exactly  like  thofe  Senfations  which  they  occa- 
fion  in  us  and  (  as  fome  of  them  contend)  they  arife 
alfo  from  a  Mixture  of  Hot  and  Cold,  of  Dry  and 
Moift.  And  for  Proof  of  this  (befides  their  thinking^ 
that  they  have  Arijlotle  on  their  Side)  they  affirm,  that 
it  would  be  impoffible  for  luminous  or  coloured  Bodies 
to  caufe  thofe  Senfations  in  us  which  we  feel,  if  there, 
were  not  in  them  fomething  very  like  what  they  cauie 
us  to  feel  3  for,  fay  they,  nothing  can  give  what  it  has 
not. 

11.  But,  befides  that  Arijlotle  has  faid  nothing  pofi- 
tively  concerning  what  they  have  advanced.  Authority 
ftands  for  nothing,  when  we  are  inquiring  after  Reafons 
only.  And  as  to  what  they  alledge,  it  will  appear  to  be 
only  a  mere  Sophifm,  if  we  reflect  ever  fo  little  upon 
the  Pain  which  we  feel  when  we  are  pricked  by  a  Needle; 
for  this  fhows  us,  that  it  is  not  at  all  impoffible  for  an 
Object  to  be  able  to  excite  in  us  a  Senfation  which  it  felf 
fias  nothing  of.  And  this  is  ftill  further  confirmed 
from  hence,  that  two  Men  may  fee  the  fame  Objetft. 
differently,  as  was  before  obferved,  I  my  felf  feeing  YeE 
low  differently  with  my  two  Eyes, 


m 
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(i)  Tbe6ljl  of  the  Eleventh  Sec¬ 
tion)  Where,  after  having  propofed 
this  QnefHon,  Why  we  cannot  lee 
through  An  Qfakt  Body.  He  argues 
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very  much  for  the  Propagation  of 
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No  ei  on  the  latter  Part  of  the  15 tb 
Art .  of  this  Chapter t 

4  12.  But 


200 

32 «  7 bat  it 
is  rot  true . 

J 

I 


1 3.  Ti>tf  ^ 
Jurdity  of 
tbs  Opinion 

of  /<”»<  °f 

the  Arifto- 
telians. 


34.  A  Com- 

parifn  of 
the  Serf  at  ion 
of  Light 
HUitb  that 
cj  Fain, 


'  RO  H  AU  L  T*s  System  *  Part  I. 

12.  But  that  which  moft  evidently  fhows,  that  it  is  not 
at  all  neceffary  there  fhould  be  any  Refemblance  between 
the  Quality  of  the  Objedf,  and  the  Senfation  it  excites, 
is  this  ;  that  we  certainly  have  very  ftrong  Senfations  of 
Red,  and  Y ellow,  and  Blue,  and  all  other  Sorts  of  Co¬ 
lours,  upon  looking  through  a  T riangular  Glafs  Prifny 
in  which  no  one  ever  fufpedled  that  there  was  any  Thing 
like  the  Senfation  which  it  raifes  in  us. 

13.  That  which  others  of  them  fay  concerning  the 
Original  of  Colours  is  ftillmore  abfurd.  For  what  Con¬ 
nexion  is  there  betwixt  the  Idea’s  we  have  of  Hot  and . 
Cold,  Dry  and  Moift,  and  thofe  which  they  fuppofe  us 
to  have  of  Colours  :  If  what  they  fay  were  true,  it  would 
from  hence  follow,  that  the  fame  Objedt  ought  to  have 
as  much  Variety  of  Appearances  to  the  Eyes,  as  it  raifes 
different  Senfations  to  the  T ouch  ;  which  does  not  agree 
with  Experience  :  On  the  contrary,  there  are  fome  Bo¬ 
dies,  fuch  as  polifhed  Steel,  and  Lobfters,  which  when 
heated  by  the  Fire,  acquire  a  certain  Colour  ;  but  when 
made  cold  by  dipping  them  in  Water,  they  do  not  alter 
their  Colour. 

14.  Leaving  therefore  the  Opinion  of  Arijlotle  and 
his  Followers,  concerning  Light  and  Colours,  let  us  now 
confider  what  Part  we  are  to  take  upon  this  Subjedf.  And 
Firft,  Since  we  have  no  Reafon  to  fay,  that  the  Light  of 
luminous  Bodies  is  any  Thing  elfe  but  the  Power  which 
they  have  to  produce  in  us  that  very  clear  and  bright  Senfa- 
tion  zvhich  we  have  zvhen  they  are  before  us  ;  Why  may 
we  not  compare  this  Power  with  that  which  a.  Needle 
has  to  caufe  Pain  in  us  ?  Since  then  the  Senfation  which 
a  Needle  raifes  in  us,  fuppofes  only  that  we  are  fenfitive 
Creatures  ;  and  nothing  more  is  required  in  the  Needle  but 
its  Figure  and  Hardnefs,  which  are  alone  fufficient  to 
caufe  a  Divifion.  in  the  Part  to  which  it  is  applied  :  So 
like  wife  it  is  reafonable  to  think,  that  the  Senfation  of 
Light  depends  upon  this,  that  w*e  are  by  Nature  made 
capable  of  this  Sort  of  Senfation  ;  and  that  there  is  in 
the  Peres  of  tranfparent  Bodies,  a  Matter  fine  enough 
to  penetrate  even  Glafs,  and  yet  at  the  fame  time  ftrong 
enough  to  fnake  the  fmall  Capillaments  of  the  Nerves 
which,  are  at  the  Bottom  of  the  Eye.  Further,  as  there 
muft  be  fome  Agent  to  pufh  the  Needle  into  us,  fo  like- 
wife  muft  we  think,  that  this  Matter  is  pufhed  by  the 
luminous  Bodies,  before  it  can  make  any  Impreftion  on 
the  .Organ  of  Sight. 

2 


15.-  Thus 
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15.  Thus  (1)  Original  Light  confifts  in  a  certain  Motion  T5-  What 
of  the  Parts  of  luminous  Bodies ,  whereby  they  are  capable 
of  pufhing  every  way  the  fubtil  Matter  which  fills  the  TraJjplna 
Pores  of  tranfparent  Bodies  ;  and  the  EJfence  of  fecondary  9 ’>  and 
or  derived  Light  confifts  in  the  Difpofition  or  Pendency  0jfPakcneIl 
this  Matter  to  recede  from  the  Center  of  the  luminous  Body 
in  a  freight  Line.  Whence  it  is  eafy  to  infer,  that  the 

Form 


(1)  Original  Light — Secondary  or 
derived  Light )  Original  Light  con¬ 
fifts  inti  rely  in  a  particular  Motion 
of  the  Particles  of  the  luminous  Bo¬ 
dy  ;  not  wheieby  they  puih  forward 
that  fictitious  Matter  which  Cartes 
imagined  the  Pores  of  tranfparent 
Bodies  to  be  filled  with  ;  but  where¬ 
by  they  {hake  off  fome  very  fmall 
Particles  from  the  luminous  Body, 
which  are  fent  forth  all  Ways  with 
a  very  great  Force  :  And  Secondary 
or  Derivative  Light  confifts,  not  in 
the  Difpofition,  but  in  the  real  Mo¬ 
tion  of  thofe  Particles  receding  eve¬ 
ry  way  from  the  luminous  Body  in 
{freight  Lines  with  incredible  S'wift- 
nefs.  For  if  Light  confifted  only 
in  Preffure,  it  ought  to  be  propaga¬ 
ted  to  all  Diftances  in  a  Moment  of 
’Time  j  which  it  certainly  is  not  (See 
the  Notes  on  Art.  30.  below)  And  it 
would  not  be  propagated  in  {freight 
Lines,  but  it  would  perpetually  run 
in  upon  the  Shadow.  For  Preffon 
or  Motion  cannot  be  propagated  in  a 
Fluid  in  right  Lines  beyond  an  Obfia- 
cle ,  which  Jiops  part  of  the  Motion, 
but  will  bend  and  fpread  every  W  ay 
into  the  quirfeent  Medium,  which  lies 
beyond  the  Objiacle.  Gravity  tends 
downwards,  but  the  Pretfure  of  Wa¬ 
ter  arijing  from  Gravity,  tends  every 
way  with  equal  Force,  and  is  propa¬ 
gated  as  readily,  and  with  as  much 
Force  Jideways  as  downwards ,  and 
through  crooked  Pafages  as  through 
f  reight  ones ■  The  Waves  on  the  Sur¬ 
face  of  f  agnati ng  Water ,  paffing  by 
the  (ides  of  a  bread  Obfiacfe  which 
fops  part  of  them ,  bend  afterwards, 
and  dilate  ihentfelves  gradually  into 
the  quiet  Water  behind  the  Obfacle. 

* ’l be  Waves,  Puljes  or  Vibrations  of 
the  Air ,  wherein  Sounds  conjift ,  bend 
maniftfiiy ,  t cough  not  fo  much  as  the 

Waves  of  Water. - And  Sounds  are 

pr  pi  gated  as  readily  through  crooked 
Pipes  as  through  freight  ones.  But 
Light  is  never  known  to  jol.ow  crook¬ 
ed  PaJJages,  nor  to  bend  into  tie 


Shadow .  Newt.  Opticks,  pag.  337. 
Rays  of  Light  therefore  muft  be 
fmall  Corpufcles  fent  forth  from  lu¬ 
minous  Bodies  with  a  very  great  ce¬ 
lerity.  For  fuch  fort  of  Corpufcles 
(contrary  to  the  Prefiion  of  Motion 
propagated  in  a  Fluid)  ought  to  be 
transmitted  through  uniform  Medi¬ 
ums  or  void  Spaces  in  {freight  Lines, 
without  bending  into  the  Shadow ; 
as  we  fee  the  Rays  of  Light  are 
tranfmitted. 

Concerning  that  Force  by  which 
thefe  Corpufcles  are  fent  forth  with 
fuch  incredible  Celerity,  that  they 
are  carried  above  7000000  of 
Miles  in  a  Minute  (See  the  Notes  on 
Art,  30.  below.)  the  admirable  Per- 
fon  before-cited  fpeaks  thus,  Thofe 
Bodies  which  are  of  the  fame  kind  and 
have  the  fame  Virtue,  the  fmaller  they 
are,  the  fronger  is  their  attraBive 
Force  in  Proportion  to  their  Bignefs • 
(See  the  Notes  on  Chap.  xi.  Art.  15.) 
W 1  find  this  Force  fronger  in  pro - 
proportion  to  their  Weight  in  fmall 
Magnets  than  in  larger  ones  j  for  the 
Particles  of  fmall  Magnets,  becaufe 
they  are  nearer  one  another ,  can  the 
more  eajily  unite  their  Forces  together. 
Wherefore  it  is  reafonable  to  expect , 
that  the  Rays  of  Light,  fince  they 
are  the  fmallefl  of  all  Bodies  ( that  we 
know  of  )  (hould  be  found  to  have  tbe 
flrongefl  attractive  Force  of  all.  How 
firong  this  Force  is,  may  be  gathered 
from  the  following  Rule.  The  At- 
traBion  of  a  Ray  of  Light,  in  pro¬ 
portion  to  the  (Quantity  of  Matter  it 
contains ,  is  to  the  Gravity  which  any 
projected  Body  has,  in  proportion  to 
the  hjuantity  of  Matter  containedVin 
it,  m  a  Ratio  compounded  of  the 
Velocity  of  the  Ray  of  Light,  to  the 
Velocity  of  the  projected  Body,  and  of 
the  Bending  or  Curvature  of  the  Line 
which  the  Ray  defenbes  in  the  Place 
of  RefraBion,  to  the  Bending  or  Cur¬ 
vature  of  the  Line  which  the  proje fl¬ 
ed  Body  deferibes  :  v:z.  if  the  Incli¬ 
nation  of  the  Ray  to  the  ref  railing  Su . 

prrfcies 


RO  H AU L  T9s  System  Part I. 

Form  of  a  Tranfparent  Body  confifts  (i)  in  the Streightnefs 
of  its  Pores ,  or  rather,  that  they  crofs  eaeh  other  all  ways 
without  any  Interruption ,  and  on  the  other  hand,  a  Body 
is  opake,  becaufe  none  of  its  Pores  are  fir  eighty  or  if  they 
hcy  they  are  not  penetrable  quite  through ,  and  all  ways . 

1 6.  I  doubt 


jporficics ,  be  the fame  as  that  of  the  pro- 
jefted  Body  to  the  Horizon.  And  from 
this  Proportion  I  collet!,  that  the  At¬ 
traction  of  tbe  Rays  of  Light  is  more 
than  iooooooooooooooo  times 
greater  (ban  tbe  Gravity  of  Bodies  on 
the  Superficies  of  the  Earthy  in  pro¬ 
portion  to  tbe  Quantity  of  Matter  con¬ 
tained  in  them  j  viz.  if  Light  takes 
up  about  feven  or  eight  Minutes  in 
coming  from  tbe  Sun  to  the  Earth.— 
iSTow,  as  in  Algebra ,  where  affirma¬ 
tive  Quantities  vanijh  and  ceafe,  there 
Negative  ones  begin  3  fo  in  Mecba- 
niokSy  where  Attraction  ceafes ,  there 
a  repulfive  Virtue  ought  to  fucceed  — 
Therefore  aRay,as  foon  as  it  is  Jbaken 
cfffrom  a fhining  Body,  by  tbe  vibrat - 
itig  Motion  of  the  Parts  of  tbe  Bodyy 
and  gets  beyond  the  Reach  of  Attrac¬ 
tion, ,  is  driven  away  with  exceeding 
great  Velocity.  Opticks,  pag  370. 

(1)  In  tbe  fir  eight  nr fi  of  its  Pores ) 
Thus  Arifiotle  clearly  exprefles  him- 
ielf.  The  Sight  will  not  penetrate 
folid  Bodies ,  becaufe  it  can  go  only 
through  a  freight  Paffiage  ( this  the 
Mays  of  Sun  are  an  Evidence  of,  and 
a/fo  our  not  feeing  any  ObjeEls  but 
wbat  are  right  before  us  ;)  when  there¬ 
fore  the  direCl  Progrefs  of  tbe  Sight  is 
kindred  by  tbe  Pores  not  being  all 
freight,  it  cannot  pafs  through.  But 
tbe  Sight  will  pafs  through  fluid  Bo¬ 
dies,  becaufe  the  Pores  are  fmall  and 
freight  j  fo  that  it  is  not  kindred from 
going  through  them.  Wherefore  Glafs 
is  tranfparent  though  it  be  very  thick  j 
but  a  piece  of  Wood  is  not  tranfpa¬ 
rent ,  though  it  be  very  thin,  becaufe 
the  Pores  of  the  former  are  regular, 
and  thofe  of  tbe  latter  irregular.  Nor 
docs  their  being  large  fignify  any  thing 
if  they  be  not  freight  j  neither  are 
rarer  Bodies  the  more  tranfparent, 
utilefs  their  Pores  are  fo  difpofed  as 
to  admit  of  a  Paffiage,  Prob.  6 1 .  Sedt, 
J  1.  And  indeed  that  ftre’ght  Pores, 
or  rather  fuch  as  crofs  one  another  e- 
verv  way  from  all  Sides,  are  necefiary 
to  a  Booy's  being  tranfparent  cannot 
be  doubted  :  But  how  it  can  be,  that 
not  only  Glafs  and  Diamonds,  but  alfo 
V/ater,  wbofc  Parts  arc  h  eafy  to  be 


moved  fhould  have  its  Pores  ftreightj 
and  eafy  to  pafs  through  from  all 
Sides  5  and  all  Ways,  and  yet  at  the 
fame  time,  the  thinneft  Paper  or  eveai 
Leaf- Gold,  for  want  of  fuch  Pores, 
fhould  exclude  the  Rays  of  Light  3 
is  not  eafy  to  be  conceiv'd.  Where¬ 
fore  we  mud  feek  for  another  Caufe 
of  Opakenefs. 

We  mult  know  then,  that  all  Bo¬ 
dies  whatfoever,  have  in  them  much 
fewer  Parts,  and  much  more  Pores 
or  void  Spaces,  than  is  requifite  for 
the  greateft  Number  of  Rays  of 
Light  to  find  a  free  and  open  Paf- 
fage  in  ftreight  Lines  all  ways  with¬ 
out  running  upon  the  Parts.  For 
fir.ee  Water  is  nineteen  times  lighter, 
that  is,  rarer  than  Gold  5  and  Gold 
it  felf  is  fo  rare,  that  it  will  very 
eafily,  without  making  any  Refift- 
anee,  fufFer  the  Magnetick  Effluvia  to 
pafs  through  it,  and  will  eafily  ad¬ 
mit  Quick  fi’ver  into  its  Pores,  and 
will alfb  JetWater  go  through  it,  that 
is,  it  has  more  Pores  than  folid  Parts 3 
confequently  Water  will  have  above 
forty  times  as  many  Pores  as  folid 
Parts.  And  indeed  you  may  think  ? 
Gold  and  Water,  and  all  other  Bodies 
(with  great  Probability)  as  much  rarer 
Hill  as  you  pleafe.  For  if  we  conceive 
the  Particles  of  Bodies  to  be  fo  difpofed 
amongfi  themfelvet,  that  the  Inter¬ 
vals,  or  empty  Spaces  between  them, 
may  be  equal  in  Magnitude  to  them 
all  :  and  that  tbefe  Particles  may  be 
compofed  of  other  Particles  much  fmal- 
ler ,  which  have  as  much  empty  Space 
between  them,  as  equals  all  tbe  Mag. 
nitudes  of  thef  fm  slier  Particles  : 
And  that  in  like  manner,  tbefe  fmal. 
ler  Particles  are  again  compofed  of 
others  much  f mailer  3  all  which  toge¬ 
ther,  are  equal  to  all  tbe  Pores  or 
empty  Spaces  between  them,  and  fa 
on  perpetually,  till  you  come  to  folid. 
Particles,  fuch  as  have  no  Pores  or 
empty  Spaces  within  them.  And  if 
in  any  grofs  Body  there  be,  for  in¬ 
fiance,  t  brte  fuch  degrees  of  Particles , 
the  leaft  of  which  are  folid  3  this  Bo¬ 
dy  will  have  le van  times  more  Pores 
than  folid  Parts,  But  if  there  be 

four 
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16.  I  doubt  not  but  that  this  Opinion  will  be  .ef-  16 •  «rf  es¬ 
teemed  a  Conjecture  only.  But  if  it  fhall  afterwards  be-f™*'™?  °/ 
made  appear  to  have  in  it  all  the  Marks  of  Truth,  and  ture. 
that  all  the  Properties  of  Light  can  be  deduced  from  it : 

I  hope  that  That  which  at  firft  looks  like  a  Conjecture 
will  be  then  received  for  a  very  certain  and  manifeft 
Truth. 

1 7.  And  firft,  that  we  are  fitted  by  Nature  to  per-  17.  That 
ceive  what  we  call  Light,  though  there  were  nothing  fitted 
that  bore  any  Reiemblance  to  it  without  us,  we  have  ifb™™ 

a  very  convincing  Experience  :  For  if,  when  it  is  the  * 
Darkefi:  that  can  be,  we  rub  our  Eyes  in  one  particu¬ 
lar  manner,  or  if  by  chance  we  receive  a  very  hard 
Blow  upon  them,  fo  that  the  internal  Parts  of  the  Eyes 
r  are  very  much  fhaken  by  the  Blow,  we  fee  Light,  and 
very  bright  Sparks,  which  ceafe  as  foon  as  the  Motion 
ceafes. 


four  fucb  degrees  of  Particles,  the 
leaft  of  which  are  J olid,  the  Body 
will  have  fifteen  times  more  Pores 
than  folid  Parts .  If  there  be  five 
Degrees,  the  Body  will  have  one  and 
thirty  times  more  Pores  than  Parts. 
If  fix  Degrees ,  the  Body  will  have 
Sixty  and  three  times  more  Pores 
than  Jolid  Parts ,  and  fo  on  perpetu¬ 
ally.  Newt.  Opt.  p.  243. 

The  Reafon  therefore  why  forne 
Bodies  are  Opake ,  is  not  the  want  of 
Pores  which  are  pafiable  on  every 
Side  in  ftreight  Lines  3  but  either 
the  unequal  Denfity  of  the  Parts,  or 
the  Largenefs  of  the  Pores,  either 
filled  with  other  fort  of  Matter,  or 
elfe  empty  ;  by  which  means  the 
Rays  of  light  in  pa fiing  through,  are 
perpetually  bent  backward  and  for¬ 
ward  by  innumerable  Reflexions  and 
RefraXions,  tiil  at  Jaft  they  hit  upon 
the  Parts  themfelves  of  the  Body 
(  See  the  Notes  below  on  Art.  35.) 
and  fo  are  wholly  extingu:ftied  and 
loft.  Hence  it  is,  that  Cork,  Paper, 
Wood,  &c.  are  Opake;  and  Glafi, 
Diamonds,  &c.  tranfparent.  For 
in  the  Confines  of  Parts  that  are 
alike,  and  of  equal  Denfity,  2s  the 
Parts  of  Glaf$, Water ,and  Diamonds 
are,  by  realon  of  the  equal  A- traXi- 
on  on  aJl  Sides,  there  is  no  Reflexi¬ 
on  or  RefraXion  ;  and  therefore  the 
Rays  of  Light  which  enter  the  firft 
Superficies  of  thefe  Bodies  evilly  go 
on  (except  fuch  as  chance  to  fall 
upon  the  f olid  Parts,  and  are  extin-* 
gui/hed,  See  tb:  Notes  on  Art,  35. 


below)  in  a  right  Line  through  the 
whole  Body.  But  in  the  Confines  of 
Parts  which  are  very  unequal  in  Den¬ 
fity,  fuch  as  the  Parts  of  Wood  or 
Paper,  compared  with  each  other,  of 
with  the  Air,  or  empty  Space  in 
the  larger  Pores  of  them,  the  greateft 
Reflexions  or  RefraXions  are  made, 
becaufe  of  the  unequal  AttraXion  ; 
therefore  the  Rays  can  by  no  means 
pafs  through  fuch  Bodies  ;  but  are 
perpetually  bent  backward  and  for¬ 
ward,  and  at  laft  loft.  That  this 
Difconfinuity  of  Parts  is  the  princi¬ 
pal  Caufe  of  the  Opacity  of  Bodies , 
will  appear  by  confidering  that  0- 
pake  Subfiances  become  tranfparent , 
by  filling  up  their  Pores  with  any 
Subfiance  of  equal ,  or  atmofi  equal 
Denfity  with  their  Parts.  Thus  Pa¬ 
per  dipp'd  in  Water  or  Oil ,  the  0~ 
culus  Mundi  Stone  fieeped  in  Water t 
Linnen-Clotb  oiled  or  varnifhed,  and 
many  other  Subfiances •  foaked  in  fucb 
Liquors  as  will  intimately  pervade 
the  Utile  Pores ,  become  by  that  means 
more  tranfparent  than  otberwife  ;  fo , 
on  the  contrary ,  the  mofi  tranfparent 
Subfiances  may  by  evacuating  their 
Pores ,  or  feparating  their  Parts  be 
rendered  fujficiently  opake ,  as  Salts 
or  wet  Paper,  or  the  Oculus  Mundi 
Sitonc,  by  being  dried,  Horn  by  being 
f craped,  Clafs  by  being  reduced, to 
Powder,  or  otberwife  flawed  ;  — 
and  Water  by  being  formed  into  many 
fmall  Bubbles— become  Opake.  Newt* 
Opt.  p,  224. 

18.  Fur-* 
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18.  That  28.  Further,  That  there  is  fuch  a  Thing  as  fubtil 
^Ibingat  Matter  which  penetrates  the  Pores  of  tranfparent  Bodies, 
fubtil  Mae-  the  Difpofition  of  which  to  recede  from  the  Center  of 
the  luminous  Body  in  {freight  Lines,  may  here  be  called 
fecondary  or  derived  Light,  has  been  fufficiently  proved 
before,  when  we  {hewed  the  Neceffity  of  the  fecond  E- 
lement;  and  we  may  venture  to  affirm,  that  none  of 
thofe  T hings  would  come  to  pafs  without  it,  which  we 
have  before  obferved  to  come  to  pafs,  when  we  explained 
thofe  Motions  which  are  ufually  afcribed  to  the  Fear  of 
a  Vacuum. 

19.  Nothing  further  remains,  but  to  fhow  that  lumi¬ 
nous  Bodies  do  adhially  pufh  this  Matter  every  Way; 
which  they  will  be  found  to  do,  if  it  be  true,  that  the 
Parts  are  very  fmall,  and  very  much  agitated.  Let  us 
then  examine  all  the  luminous  Bodies  that  we  know,  and 
fee  if  the  Parts  of  which  they  are  compofed,  be  not  as 
fmall,  and  as  much  agitated  as  we  fuppofe.  And  to  be¬ 
gin  with  Flame .  It  has  been  already  fo  plainly  demon- 
ftrated,  that  it  is  compofed  of  Parts  very  fmall,  and 
which  move  with  the  greateft  Celerity,  that  it  is  fu- 
perfluous  to  fay  any  more  about  it. 

20r  We  lee  aifo,  that  there  arifes  very  bright  Sparks 
upon  ftriking  a  Flint  againft  Steel,  or  two  Flints  again  ft 
Jfm  firming  eac^  other,  or  an  Indian  Cane  againft  a  common  one ,  or 
or  rubbing  by  ftroking  the  Back  of  a  Cat  in  the  Dark,  when  the 
^odieTa  Weather  is  dry  and  cold,  ( 1)  and  in  a  Multitude  of  other 
gainft  each  Things.  The  Caufe  of  all  which,  is  only  this,  that 
other ,  fome  of  the  Particles  of  thefe  Bodies  being  entangled  be¬ 

tween  others,  when  they  are  ftruck,  acquire  in  flying  off, 
a  Motion  like  that  of  Flame,  by  which  they  in  like  man¬ 
ner  pufh  forward  the  fmall  Globules  of  the  fecond  Ele¬ 
ment. 

21.  "The  2r.  There  is  fome  fort  of  rotten  Wood ,  and  of  Fijhes , 
Caufe  «f  the  when  they  begin  to  be  corrupted ,  which  fhine  very  bright, 
tfZvL.  h°w  a  Body '  cannot  putrify  or  be  corrupted,  but  by  the 
Motion  of  its  Parts,  fome  of  which  fly  off  (as  is  evident 
in  rotten  Wood,  from  the  Largenefs  of  its  Pores,  and 
from  its  Lightnefs,  which  render  it  different  from  what 
it  was  before;  as  a  Coal,  and  the  Wood  out  of  which  it 
is  made  differ  from  each  other.)  We  muff,  own  therefore, 

j  '  t 

f 1)  And  in  a  Multitude  of  other  tjuick  and  robbed,, will  /bine  bright, 
'Things')  T|ias  Jikewiis  Amber  mb-  rot  by  impelling  or  preffing  upon  the 
bed  very  h^rd  in  the  Dark  ;  igutck  Particles  of  the  fecund  Element,  for 
fiver  fhaken  in  a  Vacuum  ;  ard  a  there  is  no  fi.ch  Thing  ;  but  by 
Giafs  out  of  which  the  Air  is  ex-  fending  forth  fmall  Particles  which 
hau/led,  if  i:  be  turned  rout.d  very  are  the -very  Ught  it  felf. 
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that  the  Motion  of  the  Parts  which  we  fuppofe  in  lumi¬ 
nous  Bodies,  ( 1 )  is  to  be  found  here  alfo. 

22.  It  is  not  fo  eafy  to  tell  certainly,  what  fort  of 22*  °f th* 
Motion  that  is,  which  makes  fome  Worms  and  Flies  to 

fhine  in  the  Dark :  However  it  is  very  probable,  that  -worms . 
fome  fort  of  Matter  is  exhaled  out  of  thefe  Infedfs,  like 
the  Sweat  of  Other  Animals,  and  that  this  pufhes.the 
Matter  of  the  fecond  Element ;  and  this  is  confirmed 
from  hence,  that  they  ceafe  to  fhine  as  foon  as  they 
are  dead. 

23.  The  Sim  and  the  Stars  are  the  moft  luminous  Bo- 

dies  of  any  that  we  know ;  but  by  reafon  of  their  great  Sun  all *  * 
Diftance,  it  is  impoffible  to  make  appear  by  any  Experi-  Staru 
ments  taken  near  them,  that  all  their  Parts  are  in  Mo¬ 
tion  ;  all  that  we  can  affirm,  is  only  this,  that  we  do  not 
obferve  any  Thing  to  the  contrary  ;  And  fmce  they  pro¬ 
duce  the  fame  Effetfts  in  us,  that  Flame  does,  we 
ought  to  think,  that  they  refemble  it  in  that  by  which 
thefe  Effects  are  produced,  viz.  in  the  Motion  of  their 
Parts. 

24.  If  it  were  true,  what  they  fay  of  a  Carbuncle  and  2 Tiat 
a  Diamond ,  viz.  that  they  fhine  in  the  Dark ;  I  fhould 

freely  own,  that  I  am  miftaken  in  all  that  I  have  faid  in  -what  they 
about  Light ;  for  there  is  no  Probability,  that  Bodies  fo  reIate  °f  a 
hard,  fhould  be  compofed  of  Parts  which  feparately  are 
in  any  Sort  of  Agitation.  But  it  is  certain,  that  thefe  mond. 
are  only  idle  Stories,  told  without  any  Proof,  and  re¬ 
ceived  by  credulous  Perfons,  for  I  have  often  times  expe¬ 
rienced  the  contrary  my  felf. 

25.  ’Tis  true  indeed,  that  a  Diamond  fhines  very  bright  25-  Wbat 
in  a  darkifh  Place  ;  but  the  Reafon  of  this  is,  becaufe  it  ^ 

is  fo  cut,  that  the  Sides  refletf:  all  the  Light  which  t hpy  Imndcon- 
receive  towards  the  fame  Part,  as  fhall  be  more  fully  fifl* in- 
explained  *  afterwards,  when  we  come  to  treat  of  the  *  Sea' 
Refradfion  of  Light. 

26.  We  have  lately  had  an  Account  from  England,  26 •  of  the 
that  (2)  fome  Diamonds  rubbed  in  the  Dark,  have  ihined  Dhmofd^ 
fo  bright  fora  fhort  time,  that  a  Word  or  two  might  be  U 
read  by  Light  of  them.  I  have  not  obferved  this  in  any  r^d- 


(i)  Is  to  be  found  here  alfo) 
The  famous  Mr.  BoyU  made  an  Ex¬ 
periment  of  this  Matter,  which  is 
very  well  worth  taking  notice  of. 
He  put  a  piece  of  rotten  Wood  into 
the  Air  Pump,  which  was  in  a 
Manner  extinguished  and  ceafed  to 
&ine,  when  the  Air  was  exhauft?d  : 


but  up^n  letting  the  Air  in  again,  it 
feemed  to  be  new  lighted,  ard  /hined 
as  before.  See  the  Philof  phical  Lranf. 
Numb.  31.  For  this  was  true  Flame, 
and  jike  all  orher  Flame  cinnot  be 
prefervcd  without  Air. 

(2)  Some  Diamonds  rubbed  in  the 
Dark]  See  Art  20  above. 

Diamonds 


2  o6 
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Part  L 


27.  Of  tie 

Bouloga 

Stone, 


2%,  The 

JReafon  of 
this  Stone's 

/ lining , 


29.  A  Con¬ 
firmation 
hereof 


Diamonds  that  I  have  tried  ;  however  it  may  be  true, 
without  contradicting  any  Thing  that  I  have  hitherto 
wrote.  For  the  Rubbing  may  raife  fome  Agitation,  if 
not  in  the  Parts  of  the  Diamond,  yet  at  leaft  in  fome 
Matter  contained  in  the  Pores  of  it,  which  continuing  in 
Motion  in  the  fame  manner  as  the  Flame  in  the  Pores 
of  a  burning  Coal,  may  for  fome  time  pufh  the  fecond 
Element  which  is  all  round  it,  and  difpofe  it  to  raife  a 
fmall  Senfation  of  Light. 

27.  Though  we  have  no  Jewels  which  ftiine  in  the 
Dark,  yet  we  have  a  Stone  that  is  truly  luminous  :  This 
Stone  was  accidentally  found  by  an  Italian  Ghymift  near 
Boulogn  in  a  hollow  Place  caufed  by  a  Torrent.  After 
having  put  it  into  a  Fire  for  fix  Hours,  he  took  it  out, 
and  let  it  cool ;  and  when  it  had  been  expofed  to  the 
Light  of  the  Air  for  fome  time,  upon  carrying  it  after¬ 
wards  into  the  Dark,  he  firft  perceived  it  to  look  like  a 
Fire-Coal  covered  over  with  a  few  Afhes.  I  have  feen 
fome  ftiine  near  half  a  quarter  of  an  Hour,  after  which 
their  Light  vanifhed,  but  by  expofing  them  to  the  Light 
of  the  Air  for  a  fhort  time,  we  could  make  them  ftiine 
again  when  we  pleafed. 

28.  The  Reafon  hereof  very  probably  is,  that  the 
Fire  has  made  this  Stone  extremely  porous,  fo  that  a- 
mong  the  Parts  which  are  almoft  wholly  disjoined  from 
each  other,  there  maybe  fome  (1)  fo  eafy  to  be  put  in 
Motion,  that  the  Light  of  the  Air  alone  is  capable  of 
agitating  them  ;  and  they  may  be  fo  difpofed  to  retain 
this  Motion,  that  they  may  keep  it  after  they  are  re¬ 
moved  from  amongft  the  luminous  Bodies,  which  put 
them  in  Motion  $  and  this  is  confirmed  from  hence, 
that  when  this  Experiment  is  often  repeated,  thefe  Parts 
exhale,  and  the  Stone  quite  lofes  its  fhining  Quality  \ 
which  Quality  cannot  be  preferved  above  four  or  five 
Years,  though  the  Stone  be  carefully  fhut  up  in  a  Box, 
where  no  Light  can  come  at  it. 

29.  For  a  farther  Confirmation  of  what  has  been  faid, 
we  may  obferve,  that  if  this  Stone  be  kept  too  long  in 
the  Fire,  or  though  it  be  kept  in  it  but  fix  Hours,  yet 


(f)  So  eafy  to  be  fut  in  Motion) 
In  much  the  lame  manner  may  the 
Phrfphorut  be  accounted  for,  (  the 
manner  of  preparing  it,  is  at  large 
explained  by  the  famous  Mr.  Boyle , 
to  whom  I  refer  you,  )  for  it  is 
very  probable,  that  fome  fulphuresus 


Parts  of  the  Urine,  prepared  over  a 
ve  y  hot  Fire,  are  l'o  volatile  and 
edly  to  be  put  in  Motion,  that  they 
are  turned  into  a  kind  of  Flame,  by 
the  Agitation  of  the  groffer^or  per¬ 
haps  of  the  finer  Air. 

.  f.  :  -  •  '  '  -  •  1 

fcf 
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if  the  Fire  be  very  hot,  all  the  Parts  of  it  which  can- 
*  not  refill  the  Fire,  may  be  carried  off,  and  then  the 
remaining  Parts  may  be  fo  heavy,  as  not  to  be  lhaked 
by  the  Light;  in  which  cafe  the  Stone  ought  not  to 
ihine,  and  fo  we  find  by  Experience. 

30.  Having  thus  ftiown  the  Truth  of  thofe  three  That 

Things  which  comprehend  the  whole  of  our  Conje<5lure,  fJlt'pZpt- 
about  Primitive  or  Original  Lights  concerning  what  they  gated  in  a 
call  fecondary  or  derivative  Lights  we  obferve  fir  ft  ;  that  'Z/Zil  *° 
becaufe  it  does  not  confift  in  the  acftual  Motion  of  the  *  ‘  ance* 

fubtle  Matter  which  fills  the  Pores  of  tranfparent  Bodies, 

but  only  in  the  Tendency  or  Difpofition  which  this 
Matter  has  to  Motion  ;  it  neceflarily  follows,  that  lu¬ 
minous  Bodies,  be  they  never  fo  diftant,  ought  to  pro¬ 
pagate  their  Force,  and  (1)  to  afFedl  our  Senfes  in  a 
Moment  of  Time ;  becaufe  the  Matter  which  is  pufhed, 
being  extended  every  way  without  Interruption,  like  a 
very  long  Stick ;  the  luminous  Body  cannot  pufh  for¬ 
ward  the  neareft  Part  of  it,  but  at  the  fame  time  it 
mult  impell  the  furtheft  Part  likewife. 

31.  But  perhaps  fome  may  think,  that  this  Train  of  A  Dif- 
Matter  which  is  extended  from  one  Point  of  the  \\imi-ficuItyabouC 
nous  Body,  to  a  Point  of  the  Objetft  which  it  illumi-  Z/Zb^Rap : 
nates,  and  which  is  called  a  Ray  of  Lights  may  more  pro-  of  Light. 
perly  be  compared  to  a  Thread  than  to  a  Stick,  becaufe 

its  Parts  are  not  fo  firmly  connected  together,  as  thofe 
of  a  Stick  are ;  and  fo  it  may  be  conceived,  that  as  we 
can  move  one  end  of  a  Thread,  without  moving  in  the 
leaft  the  other  End,  fo  the  luminous  Body  may  impel 
the  Matter  of  the  fecond  Element  to  which  it  is  applied, 
without  neceflarily  continuing  that  Impreflion  to  any 
great  diftance.  However,  if  we  confider ,  that  the 
World  is  full  of  Matter,  and  that  a  Ray  of  Light  is  al¬ 
ways  furrounded  by  a  great  many  others,  which  hinder  it 
from  bending  as  a  Thread  does  which  is  not  furrounded 
by  others,  we  fhall  be  of  Opinion,  that  every  Ray  of 


(l)  To  afftEi  our  Senfes  in  a  Mo¬ 
ment)  It  appears  now  from  the  Phe¬ 
nomena  of  Jupiter's  Sate;  lites,  which 
get  into  the  Shadow  of  Jupiter  a 
little  fooner  than  they  ought  to  do, 
when  the  Earth  approaches  towards 
Jupiter  j  and  on  the  other  hand, 
come  out  of  the  Shadow  a  little  la¬ 
ter  than  they  ought  to  do,  when  the 
Earth  departs  from  Jupiter  (as  ma¬ 
ny  «minent  Aftrono.mers  have  ob’ 


ferved)  that  Light  (which  is  a  real 
Body)  is  not  propagated  in  a  Mo¬ 
ment  of  Time,  but  takes  up  about 
feven  Minutes  in  coming  from  the 
Sun  to  the  Earth,  which  is  about 
50GOCOO0  of  Miles  (See  Neivt  Opt- 
p.  2,52. )  What  furprizing  Things 
follow  from  Lights  not  being  pro¬ 
pagated  in  a  Moment, but  in  a  certain 
Space  of  Time.  You  may  fee  in  the 
Rotes  on  P art  \l>  CL\  xxv,  A  t.  3. 
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Light  (i)  ought  to  propagate  the  Force  of  the  luminous 
Body  in  the  fame  manner,  as  if  it  were  as  ftiff  as  a  Stick. 
3*.  ’That  a  ^2.  In  order  to  explain  what  is  difficult  in  this  Matter, 
propoxate  Jet  Vs  comPare  this  Adtion  of  the  fecond  Element  which 
ttiAEiion  tranfmits  Light,  to  the  Adtion  of  Water  contained  in  a 
through  an  iong  thick  T ube  flopped  at  the  lower  End  ;  and  then  let 
*Liquor!ate  us  confider,  that  all  the  fmall  Threads  of  which  this  grofs 
Column  of  Water  is  compofed,  do  every  one  in  parti¬ 
cular  prefs  with  its  whole  Weight  upon  the  Bottom  ; 
and  that  if  we  pour  in  never  fo  little  Oil,  it  will  prefs 
upon  the  Bottom  in  the  fame  manner  as  if  we  had  pour¬ 
ed  it  upon  a  ftiff  Stick. 

33  .That  to  gg.  If  this  Comparifon  does  not  feem  juft,  becaufe  in 
KhuASion  ^is  Inftance  the  Water  is  contained  in  a  Veffel  \  take 
it  is  not  ne-  another :  Suppofe  the  Surface  of  the  Earth,  inftead  of 
cejjary  the  being  unequal  and  rough  as  it  is  now,  were  round  and 
L(houldbe  hnooth,  and  imagine  it  to  be  covered  all  over  with  Wa- 
c ontained  in  ter  to  a  certain  Height ;  then  would  every  Point  of  the 
any  Vejjel,  Earth’s  Surface  be  prefled  upon  by  the  whole  Weight  of 
the  Thread  of  Water  which  correfponds  to  it ;  now  com¬ 
pare  the  Adlion  of  the  Rays  of  Light  to  the  Atftion  of 
this  Water,  and  you  will  find,  that  they  are  capable  of 
acting  in  the  fame  manner,  as  if  they  were  as  ftiff  as  a 
Stick. 

34.  Why  34*  It  ls  true  however,  and  muft  be  granted,  that  there 
the  AEhcn  is  fome  Difference  between  thefe  two  Things  :  For  the 
cf  Light  Threads  of  the  Water  approach  nearer  and  nearer  to  each 
^weaker  the  other,  and  tend  to  the  fame  Center,  whereas  the  Rays  of 
more  difiant  Light  go  from  the  Center  and  fpread  themfelves  towards 
tbe  lummaus  t]ie  fpherical  Superficies  which  we  may  conceive  all 
round  them:  But  this  Difference  will  only  be  of  ufe,  to 
fhow  us  the  reafon  of  a  very  remarkable  Property  of 
Light ;  which  is,  that  the  Tmpreftion  of  the  luminous  Bo¬ 
dy  does  not  come  entire  to  the  Objedf  ;  but  is  weakened 
and  diminifh’d  a  little,  according  as  it  fpreads  it  felf,  and 
proportionably  to  its  Diftance  from  the  Center  of  Acftion. 
Tab.  IV.  orffer  to  explain  this,  let  us  fuppofe  the  Tube  ABC, 
Fig.  3.  which  grows  wider  towards  the  'Fop,  to  be  filled  with 
Water  as  high  as  DE,  and  that  afterwards  with  a  Sy- 
.  ringe  we  put  as  much  Water  in  at  the  End  A  of  this 
Tube,  as  will  fill  the  Space  AFG,  which  is  of  a  confide- 
rable  Height,  but  of  a  fmall  Breadth.  It  is  certain,  that 
this  Addition  of  Water,  will  raife  up  the  Water  at  FII  a 

(1)  Ought  to  propagate  the  Force)  pjopagated.  See  the  Notes  on  Art . 
To  propagate  it  indeed  ,  but  not  15,  ahvt, 
in  ftre’ght  Lines,  as  Light  is  really 


little, 


209 


Chap.  27.  «/Natural  Philosophy. 

little,  but  that  it  will  be  fcarce  fenfibly  r&ifed  at  DE.  Now 
this  explains  the  Nature  of  Light  perfectly  well.  For  as 
we  cannot  fay  that  the  Water  at  DE  is  not  raifed  at  all, 
but  only  that  it  is  raifed  but  a  very  little  :  So  we  may 
conclude,  that  the  further  the  Rays  of  Light  are  diftant 
from  the  luminous  Body,  the  weaker  they  are  ;  which  a- 
grees  with  Experience. 

35.  Now  as  we  are  certain,  that  a  Body  in  Motion  al-  ^ 
ters  its  Determination  when  it  meets  with  another  Body  ing  'with  ctr- 
that  refills  it  :  So  likewife  we  may  conclude,  that  Light,  tam  Bodies 
when  it  falls  ( 1 )  upon  the  Surface  of  a  folid  Body,  ought  to  be 

be  turned  back  or  reflected.  Thus  for  Example,  if  the  fmall  Tab.  iv. 
Globules  which  are  in  the  Line  CD  reprefent  the  Parts  Fl'g-  4~ 
of  the  fecond  Element  compofing  a  Ray  of  Light,  which 
falls  upon  the  folid  Body  AB,  its  Action  ought  to  be  con¬ 
tinued  towards  E,  along  the  Line  DE,  in  fuch  a  manner, 
as  that  the  Angle  of  Reflexion  BDE  ought  to  be  equal 
to  the  Angle  of  Incidence  ABC,  that  is,  this  Adlion  ought  to 
be  propagated  in  the  fame  Lines  that  the  Globule  C  would 
defcribe,  if  it  were  alone,  and  moved  in  the  Line  CD : 

For 


(1)  Upon  the  Surface  of  a  folid  Bo¬ 
dy)  The  Reflexion  of  the  Rays  of 
Light  is  caufed,  not  by  falling  upon 
the  Parts  themfelves  of  the  refle&ing 
Body,  but  by  a  certain  Power  equal¬ 
ly  diffufed  all  over  the  Surface  of  the 
Body,  whereby  it  a£ts  upon  the  Ray 
to  attradl  or  repel  it,  ’without  imme¬ 
diate  Contabl ;  by  which  fame  Power 
in  other  Circumftances  the  Ray  is  re- 
frafled  ;  and  by  which  fame  Power 
it  is  at  firft  fent  forth  from  the  lu¬ 
cid  Body}  as  the  fore- cited  admira¬ 
ble  Perion  has  demonftrated  by  many 
Arguments. 

I.  Though  thofe  GlafTes  which  we 
call  plain  and  polilhed,  do  indeed 
appear  to  the  Eye  to  have  a  fmooth 
uniform  Surface  ;  yet  in  reality,  (fince 
poli/hing  is  nothing  elfe  but  wear¬ 
ing  away  and  breaking  the  Protu¬ 
berances  of  the  Glafs,  with  Sand, 
Putty,  or  Tripoly)  their  Surfaces  are 
vety  far  from  being  plain  and  fmooth  ; 
Now  if  the  Rays  of  Light  were  re- 
fled!  ed  by  impinging  on  the  folid 
Parts  of  the  Glafs,  their  Reflexions 
could  not  be  fo  exact  and  regular, 
as  we  find  they  are  ;  nay,  the  Rays 
ought  to  be  difperfcd  ail  Way?,  al- 
moft  as  much  by  the  beft  polifl  ed 
Glafs,  as  by  the  losghcft,  See  Neu  t , 
Opt.  p.  240. 

VOLi  I, 


II.  If  the  red  and  blue  Raya 
which  are  fcpirated  by  a  Prifm  ( the 
manner  of  doing  ’which ,  See  in  the 
Notes  on  Art.  65.  below  )  be  all  of 
them  ca ft  on  a  fecond  Prifm,  in  fuch 
manner,  that  they  are  all  alike  inci¬ 
dent  upon  it ;  the  fecond  Prifm  may 
be  fo  inclined  to  the  inc'dent  Rays, 
that  thofe  which  are  of  a  blue  Colour, 
fhall  be  all  reflected  by  it,  and  yet 
thofe  of  a  red  Colour  (though  falling 
with  the  fame  Oblquity)  pretty  co- 
pioufly  tranfmitted.  Now  if  the  Re¬ 
flexion  be  caufed  by  the  impinging 
of  the  Rays  upon  the  Parts  of  the 
Glafs  ;  how  comes  it  to  pafs,  that 
when  all  the  Rays  fail  with  the  fame 
Obliquity,  the  Blue  flruld  wholly 
impinge  on  the  folid  Parts,  fo  as  to 
be  all  reflected,  and  yet  the  red  find 
Pores  enough  in  the  fame  Place  to 
be  in  a  great  meafure  tranfmitted  ? 
Pag.  239. 

III.  Where  two  GlaflTes  touch  one 
another,  there  is  no  fenfible  Reflexi¬ 
on  ;  and  yet  there  is  no  Reafon  why 
the  Rays  ihould  not  impinge  on  the 
Parts  of  Glafs  as  much  when  con. 
tiguous  to  other  Glafs,  as  when  con* 
tiguous  to  Air.  Ibid. 

IV.  When  the  Top  of  a  Water  ■ 
bubble,  made  by  the  working  up  of 
Soap  and  Water,  by  the  continual 
p  fub- 
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For  it  is  evident,  that  the  Globule  D  ought  to  have  a 
Tendency,  and  to  be  difpofed  to  go  where  it  would  really 
o-o,  if  its  Power  were  put  into  aft.  And  fince  this  Glo¬ 
bule,  upon  meeting  with  the  Body  AB,  would  neither  go 
towards  G,  nor  towards  H,  but  only  towards  F ;  it  muft 

be  allowed,  that  it  is  the  Globule  F  only  which  is  impel¬ 
led 


fubfiding  and  exhaling  of  the  Water 
grows  very  thin  ;  there  is  no  mani* 
feft  Reflexion,  not  only  at  the  leaft 
Thicknefles,  but  alfo  at  many  other 
Thicknefles  of  the  Bubble, which  are 
continually  greater  and  greater  ;  and 
yet  in  the  Superficies  of  the  thinned 
Body,  where  it  is  of  any  one  Thick- 
nefs,there  are  as  many  folid  Parts  for 
the  Rays  to  impinge  on  as  where  it  i3 
of  any  other  Thicknefs.  Ibid. 

V.  If  the  red  and  blue  Rays  fe- 
parated  by  a  Prifm  {the  manner  of 
doing  which,  as  was  [aid  before,  you 
■may  fee  in  the  Notes  on  Art .  65.  be. 
low )  be  afterward  caft  dift  ndly  and 
fucceffively  upon  a  thin  Plate  of 
any  tranfparent  Matter, whofeThiek- 
nefles  grow  continually  greater  and 
greater  (fuch  as  a  Plate  of  Air  con¬ 
tained  between  a  plain  Glafs,  and  a 
Glafs  that  is  a  little  gibbous,  fuch  as 
the  Objed-Glafs  of  a  long  Telef- 
cope)  this  Plate  in  the  very  fame 
Part  of  it  will  refled  all  the  Rays 
that  are  of  one  Colour,  and  tranfmit 
all  thofe  that  are  of  another  Colour  j 
in  different  Parts  of  it,  it  will  tranfm't 
Rays  of  the  fame  Colour  at  one 
Thicknefs,  and  refled  them  at  ano¬ 
ther,  and  this  by  innumerable  Fitts* 
Now  it  is  not  any  way  to  be  ima¬ 
gined  or  conceived,  than  it  can  fo 
happen  by  chance,  that  in  the  very 
fame  Part  of  the  Piate,  and  with  the 
very  fame  Obliquity  of  the  Rays, 
all  the  Rays  that  are  of  one  Colour 
fhould  impinge  upon  the  folid  Parts, 
and  all  the  Rays  that  are  of  another 
Colour  fhould  hit  upon  the  Pores 
only  ;  and  that  in  different  Parts  cf 
the  Plate  ,  in  one  Place  the  blue 
Rays  fhould  ail  impinge  upon  the 
Parts  of  the  Body,  and  the  red  Rays 
run  all  into  the  Pores;  and  in  ano¬ 
ther  Place  where  the  Plate  is  a  little 
thicker  or  a  little  thinner,  cn  the 
contrary  the  blue  Rays  only  fbou’d 
run  all  into  the  Pores.,  and  all  the 
red  Rays  impinge  upon  the  Parts. 
Fag.  240. 

VI.  In  the  Paflage  of  Light  out  of 

Glafs  into  the  Air  there  is  a  ‘Reflexi- 

_  ■  j 


on  as  ftrong  as  in  its  Paflage  out 
of  Air  into  Glafs,  or  rather  a  little 
flronger,  and  by  many  degrees  ftron- 
ger  than  in  its  Paflage  out  of  Glafs 
into  Water.  And  it  feems  not  pro¬ 
bable,  that  Air  fhould  have  more  re¬ 
flecting  Parts  than  Water  or  Glafs. 
But  if  that  fhould  poflibly  be  fup- 
pofed,  yet  it  will  avail  nothing,  for 
the  Reflexion  is  as  ftrong  or  ftronger 
when  all  the  Air  is  removed  from 
the  further  Surface  of  the  Glafs,  as 
when  it  is  adjacent  to  it, /’.237*  Now 
if  any  one  fhould  imagine  accord¬ 
ing  to  the  Opinion  of  Cartes ,  that 
the  fubtil  Matter  at  the  further  Sur- 
face  of  the  Glafs  is  denfer  than  any 
other  Matter  whatfoever,  and  upon 
that  Account  more  ftrong  to  refled 
Light  than  any  other  Bodies;  be- 
fides  that  we  have  before  demon-’ 
ftrated  that  that  Matter  is  only  a  ficti¬ 
tious  Thing ;  and  that  if  we  fhould 
allow  this  Matter,  and  its  Power  to 
refleCt  Light,  the  Light  could  not  be 
propagated  by  it  at  the  Beginning, 
but  muft  immediately  be  all  reflected 
back  upon  the  lucid  Body  as  foon 
as  it  is  fent  forth  from  it  ;  befides 
thefe,  I  fay,  he  will  be  convinced  of 
the  Falfity  of  this  FiCtion  by  the 
followmg  Experiment. 

VII.  If  Light  in  its  Paflage  out 
of  Glafs  into  Air  be  incident  more 
obliquely  than  at  an  Angle  of  40  or 
41  Degrees,  it  is  wholly  reflected, 
if  lefs  obliquely,  it  is  in  great  mea- 
fure  tran'mitted.  Now  it  is  not  to 
be  imagined,  that  Light,  at  one  De¬ 
gree  of  Obliqoity,  fhould  meet  with 
Pores  enough  in  the  Air  to  tranf¬ 
mit  the  greater  Part  of  it  ;  and  at 
another  degree  of  Obliquity  fhould 
meet  with  nothing  but  Parts  to  re- 
fled  it  wholly  ;  efpedally,  confider- 
ing,  that  in  its  Paflage  out  of  Air 
into  Glars,  how  oblique  foever  its  In¬ 
cidence  fee,  it  finds  Pores  enough  in 
the  Glars,  to  tranfm’t  a  great  Part  of 
it.  If  any  Man  fuppofe,  that  it  is 
not  refleded  by  the  Air,  but  by  the 
outmoft  fuperficial  Parts  of  the  Glafs, 

that  will  appear  to  be  falfe,  by  ap¬ 
plying 
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led  by  it,  and  which  receives  its  A&ion.  And  this  is 
confirmed  by  Experience.  For  when  the  Light  falls  up¬ 
on  the  Surface  of  any  Opake  and  folid  Body,  as  Gold  or 
Steel,  we  fee  its  Rays  are  reflected,  and  the  Angle  of  this 
Reflexion  is  equal  to  the  Angle  of  Incidence . 

36.  Now  this  being  fo  in  one  folid  Body,  fuch  as  Gold 
or  any  other  Metal  5  as  it  is  a  general  Truth,  it  ought  to  tranfpa‘enl 
extend  to  all  Sorts  of  folid  Bodies,  and  the  Light  ought  Bodies  but 
to  be  refletfled  in  Angles  equal  to  thofe  of  their  Incidence, 
Wherefore  fince  the  Pores  of  two  tranfparent  Bodies  which  Light . 
touch  each  other,  cannot  exactly  anfwer  to  one  another; 


plying  Water  or  Oil  behind  Tome 
part  of  the  Ghfs  inftead  of  Air. 
F or  fo  in  a  convenient  Obliquity  of 
the  Rays  fuppofe  of  45  or  46  De¬ 
grees,  at  which  they  are  all  refleSled 
where  the  A'r  is  adjacent  to  the 
Glafs,  they  will  be  in  great  meafure 
tranfnaitted  where  the  Water  is  ad¬ 
jacent  to  it  5  which  argues,  that  their 
Reflexion  or  Tranfmiffion  depends 
on  the  Conftitution  of  the  Air  and 
Water,  or  Oil  behind  the  Glafs,  and 
hot  on  the  ftriking  of  the  Rays  up¬ 
on  the  Parts  of  the  Ghfs,  •visa  that 
the  Rays  are  not  reflected  till  they 
get  to  the  further  Surface  of  the 
Glafs,  and  beg  n  to  go  cut  of  it  : 
For  if  when  they  are  going  out  of 
it,  they  fall  upon  Oil  or  Water, 
they  go  on,  becaufe  the  AttraCFon 
ot  the  Glafs  is  almoft  ballanced  and 
rendred  ineffectual,  by  the  contrary 
Attraction  of  the  Liquor  that  flicks 
to  it.  But  if  the  Rays,  which  go  out 
of  the  further  Superficies,  go  into  a 
Vacuum ,  which  has  no  attractive 
Force*  or  into  Arr  which  has  very 
little,  and  therefore  cannot  ballance 
the  Attraction  of  the  Glafs,  and  ren¬ 
der  it  ineffectual  ;  then  the  attraction 
of  the  Glafs  reflects  them,  by  draw¬ 
ing  and  bringing  them  back.  And 
this  is  ftiil  more  evident,  by  laying 
together  two  Prifms  of  Glafs,  or  two 
ObjeCt-GlafTes  of  very  long  Telef- 
copes,  the  one  plain,  the  other  a 
little  convex  ,  and  fo  compreffing 
them,  that  they  do  not  fully  touch, 
nor  are  too  far  afunder  :  For  the  Light 
which  falls  upon  the  farther  Surface 
of  the  fir  ft  Glafs,  where  the  Inter¬ 
val  between  the  Glaffes  is  not  above 
the  Ten  hundred  thoufandth  part  of 
an  Inch,  will  go  through  that  Sur¬ 
face,  and  through  the  A:r  cr  Vacuum 
between  the  Glafles,  and  enter  into 

Vo  l,  I. 


the  fecond  Glafs.  But  if  the  fecond 
Glafs  be  taken  away,  the  Light 
which  goes  out  of  the  fecond  Sur¬ 
face  of  the  firft  Giafs  into  the  A'o 
or  Vacuum  th.it  is  between  the  Glaf- 
fer,  will  not  go  on  forward-,  but 
turns  back  into  the  firft  Glafs,  and 
is  reflected.  From  whence  it  is 
evident,  that  the  Rays  are  drawn 
back  by  the  Power  cf  the  firft 
Glafs,  there  being  nothing  elfc  to 
turn  them  back,  />.  238,  and  347. 
And  hence  it  is  alfo  manifeft,  as  was 
before  obferved,  that  the  Rays  are 
not  reflected  by  any  fubtil  Matter  or 
^Ether,  becaufe  that  Matter  ought 
to  refleCt  them  not  at  all  the  left, 
when  the  fecond  Glafs  is  fo  placed  as 
not  quite  to  touch  the  firft,  than 
when  it  is  quite  taken  awiy. 

Lajily ,  If  any  one  flinuid  ask  ; 
becaule  we  have  aferiued  the  Reflexi¬ 
on  cf  Rays  to  the  Aftion  of  the 
whole  Superficies  of  Bodies,  with¬ 
out  immediately  touching  them  ; 
how  it  comes  to  pafs,  that  all  Rays 
are  not  reflected  by  all  Superficies  ; 
but  while  foms  ate  reflected,  others 
are  refraCted  and  enter  in  :  This  ex¬ 
cellent  Perfon  fhows,  that  there  are 
certain  Vibrations  (cr  feme  fuch 
kind  of  Property)  both  in  the  Bo¬ 
dies  themfelvcs,  and  in  the  P-ays  of 
Light ,  impreffed  upon  the  Rays, 
either  by  the  ACticn  of  the  Bcdy 
which  emits  them,  or  by  the  Acti¬ 
on  of  fome  other  Bodies  j  whence 
it  comes  to  psfs,  that  thofe  Rays, 
which  are  in  that  Part  of  their  Vi¬ 
bration  which  confp ires  with  the  Mo¬ 
tion  cf  the  Parts  cf  the  Body,  enter 
into  the  Bidy,  and  are  tranfmittei 
by  RefraCtion  ;  and  thofe  which  are 
on  the  other  Part  cf  their  Vibra¬ 
tion,  are  reflected,  See  Newt.  Opt. 
P'  2  5-5* 

P  2-  and 
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and  therefore  many  of  the  Pores,  of  Air  for  inftance,  may 
meet  with  the  folid  Parts  of  Water,  Glafs,  or  Chryftal; 
it  is  impoffible,  but  that  tranfparent  Bodies  muft  reflet 
fome  Part  of  the  Light  which  falls  upon  their  Surface  ;  and 
they  muft  reflect  fo  much  the  more,  as  the  Rays  fall 
more  oblique,  becaufe  in  that  Pofition  they  meet  with 
more  of  the  folid  Parts  of  the  tranfparent  Body  upon  which 

they  fall.  f 

37 ,  How  the  2J.  Let  us  now  confider,  what  will  happen  to  Rays 

Fnyt  of  tjTat  paps  out  0p  0Re  tranfparent  Medium  into  another,  up- 

Lrlfrla7a>  on  whofe  Surface  they  fall  obliquely.  We  forefee  ( i)  that 
they  pafs  out  they  ought  to  be  rejvciEicd  agreeably  to  what  was  faid  be- 
*far*nlrM\ t  fore  concerning  Refradion,  becaufe  thefe  tranfparent  Bo- 
partnt  '  C'  dies  being  of  a  different  Nature,  the  one  may  afford  an 
eafier  Paffage  to  the  Light  than  the  other,  and  fo  the  Rays 
ought  to  be  lefs  inclined,  or  nearer  to  the  Perpendicular 
on  that  Side  which  more  eafily  admits  them. 
v„  38.  Nor  are  we  to  think,  that  a  tranfparent  Body  will 

der  a  travf-  afford  fo  much  the  eafier  Paffage  to  Light,  by  how  much 
Pi7fomucb  the  eafier  lt  yields  to  othcr  groffer  Bodies  which  make 
J -uc  \vay  for  themfelves,  by  removing  its  Parts  :  Juft  the 
contrary  :  For  as  the  Paffages  for  Light  are  already  made. 


<iium  into 
another. 


38.  7 hehar- 


the  eafier 
nv ill  the 
L’ght  fa  ft 
through  it. 


(1)  That  they  ought  to  be  refraBed) 
The  Rays  are  refradled,  not  by  fal¬ 
ling  upon  the  very  Superficies  of  Bo¬ 
dies,  but  without  immediate  con- 
taft,  but  that  very  fame  Power  by 
w’n'ch  they  are  emitted  or  reflected, 
exerting  it  felf  differently  in  different 
Circumftances ;  as  rrry  be  demon- 
ffrated  by  the  fame  Arguments  as 
were  before  made  ufe  ot  about  Re¬ 
flection  witlvut Contact:  and  alfo  by 
the  following  ones. 

I,  Becaufe  when  Light  goes  out  of 
Glafs  into  Jdir,  as  obliquely  as  it  can 
poffibly  do ,  if  its  Incideret  be  made 
fill  more  oblique,  it  becomes  totally 
refeBed .  For  the  Power  of  the  Glafs, 
after  it  hat  refraBed  the  Light  as 
obliquely  as  is  pffible,  if  the  Inci¬ 
dence  be  made  fill  more  oblique ,  be¬ 
comes  too  firong  to  let  any  of  its  Rays 
go  through,  and  by  conference  caujes 
total  Rejiextcns. 

a.  Becaufe  Light  is  alternately  re- 
fecled  and  tranjmitted  by  thin  Plates 
of  Glaf  for  many  Su'crffom  accord¬ 
ingly  as  the  Tbicknefi  of  the  Plate 
2 mr cafes  in  an  arithmetical  Progref  - 
fon.  For  here  the  Thicknefs  of  the 
‘Glafs  determines,  whether  that  Power 


by  which  Glafs  aBs  upon  Light  Jhall 
caufe  it  to  be  refeBed,  or  f offer  it  to 
be  tranfmitted. 

3.  Becaufe  the  Surfaces  of  tranf. 
parent  Bodies  which  have  the  greatefi 
ref ra  Bing  Power,  refieB  the  great  eft 
quantity  of  Light .  Newt.  Opt# 

p.  244-* 

4  Becaufe,  although  the  Forces  of 
Bodies  to  refleft  and  refraft  Light, 
are  very  nearly  proportional  to  the 
Denfities  of  the  fame  Bodies;  yet 
unftuous  and  fulphureous  Bodies  re¬ 
fraft  more  than  others  of  the  fame 
Denfity.  For  the  Rays  aft  with 
greater  Force  upon  thofe  Bodies  to 
fet  them  on  Fire,  than  they  do  upon 
others;  and  thefe  Bodies  aft  upon 
the  Rays  again  with  greater  Force  by 
mutual  Attrafticn  to  refraft  them, 
p .  24:;,  GJ V. 

Laftly,  Becaufe,  not  only  the  Rays 
which  are  tranfmitted  through  Glafs 
are  reflefted  ;  but  alfo  thofe  which 
are  near  the  Extremities  of  it  in 
Air  or  in  a  Vacuum,  or  even  thnfe 
which  are  near  the  extreme  Parti 
of  any  opake  Bodies  (as  the  Edges 
of  Knives,  &c.)  are  bent  by  the  At- 
tradiion  of  the  Body,  p.  293,  &(• 

it 
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it  can  move  fo  much  the  eafier  as  the  Parts  of  the  Body 
through  which  it  paftes,  are  more  difficult  to  be  put  out 
of  their  Places  ;  becaufe  it  is  the  lefs  liable  to  lofe  its  Mo¬ 
tion  in  palling  ;  in  the  fame  manner  as  a  Bowl  will  run 
eafier  upon  the  firm  hard  Ground,  than  upon  foft  Ground, 
or  upon  the  Grafs.  And  thus  as  Water  is  in  fome  Senfe 
harder  than  Air,  and  Glafs  harder  than  Water,  and 
Chryftal  harder  than  Glafs,  it  follows,  (1)  that  Light 
ought  to  pafs  more  eafily  through  Water,  Glafs  and 
Chryftal,  than  through  Air ;  and  its  Rays  ought  to  be 
lefs  inclined,  or  to  approach  nearer  to  the  Perpendicular 
in.  thefe  Bodies  than  in  Air. 

39.  This  may  be  tried  many  Ways;  I  will  fhow  you  39*  An  E*~ 
one  that  feems  to  me  very  evident.  I  caufed  a  Brafs  theTefraa. /- 
Box  ABCD  to  be  made,  with  a  Cover  to  it  of  the  on  0/ Light 
fame  Metal.  The  Bottom  BC  was  a  Piece  of  Ven'lce^J^ffir 
Chryftal,  under  which  I  glued  a  piece  of  Paper,  with  into  Water » 
feveral  Marks  made  upon  it  at  Pleafure.  I  expofed  this  Box  Tab.  iv. 
to  the  Rays  of  the  Sun,  that  a  Ray,  fuch  as  FE,  might  Flg*  5* 
pafs  through  the  Cover  at  the  Hole  E,  and  looking  un¬ 
derneath,  I  obferved  the  Point  G,  which  the  Ray  came 

to  ;  then  without  altering  the  Situation  of  the  Box,  which 
was  full  of  Air  only,  I  filled  it  with  Water,  which  i 
poured  in  at  the  Hole  M ;  then  I  obferved,  that  the 
Ray  did  not  come  fo  far  as  G,  but  only  to  L,  fo 
that  it  was  nearer  the  Perpendicular  HI,  than  it  was  be¬ 
fore. 

40.  Now  to  find  whether  a  Ray  palling  out  of  Water  40.  An  Ex. 
into  Air  be  turned  from  the  Perpendicular ,  we  may  make  ptfe™nJa£{. 
ufe  of  a  very  common  Experiment.  We  may  put  any  on  0y 
Body,  a  piece  of  Money  fuppofe,  at  the  Bottom  of  a  pafjing  out  of 
hollow  Veftel,  which  contains  nothing  but  Air;  then  we  Waunnto 
may  move  our  Eye  B  back,  till  the  Edge  of  the  V effel  Taj,#  iy, 
juft  hides  the  Objeft  A  ;  then  let  the  Veftel  be  filled  Fig.  6. 
with  W ater  :  After  which,  the  ObjeH,  without  having 
changed  its  Place,  will  begin  to  appear  by  the  Ray  CB, 

which  coming  from  A  by  C,  will  be  bent,  and  remove^ 
from  the  P erpendicular  ECF,  whereas  otherwife  the  Ray 
would  have  gone  ftreight  on  to  D. 

(1)  That  Light  ought  to  pafs  more  Wherefore  a  "Ray  falling  upon  h'a  . 
eafily)  Mr.  Le  Clerc  has  committed  a  ter  out  of  Air ,  goes  further  from  the 
Apprizing  Miftake  here.  Therefore ,  Perpendicular  5  on  the  contrary ,  a 
fays  he,  the  greater  the  Ref  fiance  of  Ray  coming  out  of  Water  into  An  ay>- 
tbe  Body  is  upon  which  the  Ray  falls t  proaches  nearer  to  the  P erpendicular  ; 
fo  much  the  more  dies  it  recede  becaufe  Air  refifis  it  lefs  than  Watei , 
from  the  Perpendicular y  and  the  lefs  P hyf.  Book  V.  Coap.  viii.  Sect,  17, 
the  Rejifianee}  the  lefs  doss  it-  recede,  contrary  to  all  Experience. 

P  3  41*  Be- 
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41.  Becaufe  Refraction  will  be  of  great  Ufe  hereafter, 
it  is  worth  while  to  explain  the  Nature  of  it  fully,  by 
confidering  how  it  is  made,  when  Light  pafTes  out  of 
Air  into  Glafies  of  various  forts  of  Figures.  Suppofe 
then,  in  the  firrt  Place  (1)  triangular  Prifm  ABC,  up¬ 
on  one  Side  of  which,  fuppofe  AB  the  Ray  DE  fails 
obliquely.  From  what  was  faid  before  concerning  the 
Rays  pafiing  out  of  Air  into  Glafs,  it  follows,  that  it 
ought  not  to  go  on  in  a  {freight  Line  to  F,  but  to  G, 
in  order  to  approach  nearer  the  Line  HEI,  which  is 
fuppcfed  to  he  drawn  through  the  Point  E  upon  which 
tne  Ray  falls,  and  to  be  perpendicular  to  the  Surface 
AB..  Alter  which,  the  Ray  EG  palling  obliquely  out 
of  Glafs  into  Air,  ought  not  to  go  direCtly  to  L,  but 
to  M,  becaufe  it  is  turned  from  the  Perpendicular 
NGQ. 


4,  0j  tig  42.  Suppofe  now  a  Lens  or  a  Glafs  convex  on  both 

iiefraBicnof  Sides,  fuch  as  is  reprefented  by  the  Figure  2B3K,  and 

f^thrrM  h  imasine  a  §reat  man)r  parallel  Rays,  fuch  as  AB,  CD, 
a  Convex’0  EF,  to  fall  upon  its  Surface  5  now  in  order  to  find  out 

Glafs.  how  thefe  Rays  ought  to  be  refracted,  we  muff  fir  ft 

Tab.  iv.  drav/  through  the  Points  B,  D,  F,  Lines  perpendicular 

Fig.  8.  to  the  Glafs,  that  is,  the  Lines  ABK,  HDI,  LFM, 

tending  towards  the  Point  G,  which  I  fuppofe  to  be  the 
Center  of  the  Superficies  2B3.  This  being  done,  we 
may  confider,  that  the  Ray  AB,  being  in  the  Perpendi¬ 
cular  it  felf,  ought  not  to  be  at  all  refradfed  as  it  pafies  out 
of  Air  into  Glafs,  but  to  go  on  directly  towards  K,  where 
it  falls  again  perpendicular  upon  the  Superficies  of  the 
Air  2K3  (becaufe  it  comes  from  the  Point  R,  which  is 
the  Center  of  this  Superficies)  and  therefore  it  will  con¬ 
tinue  to  go  ftrait  on  ftill  towards  G,  without  any  Refra¬ 
ction.  But  as  to  the  other  Rays,  fuch  as  CD,  and  EF, 
becaufe  they  do  not  fall  perpendicularly,  it  is  evident, 
tnat  they  will  not  go  directly  to  O  and  N,  but  will  ap¬ 
proach  nearer  to  the  Perpendiculars  HI,  L-M,  and  go  to 
Q  and  F,  and  by  this  means  they  will  tend  towards  the 
My  ABK;  and  becaufe,  having  drawn  the  Lines  TQI, 
SPM  perpendicular  through  the  Points  P  and  that  is, 
the  Lines  which  tend  to  the  Point  R,  we  find  that  the 
Rays  iXA,  I'P  fall  obliquely  on  the  Surface  of  the  Air, 
we  conclude,  that  they  Will  be  refraRed,  and  go  from 
the  Perpendicular.  So  that  DQ^wili  not  go  dirccfly  to  X 
but  to  G,  and  FP  alfo  will  not  go  diredfiy  to  V,  but  to 


0)  d- Tna'igu  ar  Prifm ■■■  See.  t hi  Notes 


Art.  65,  below. 


the 
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the  fame  Point  G.  The  fame  may  be  demonftrated  of 
the  Rays,  that  fall  on  the  other  Side  of  AB,  which  will 
be  bent  fo,  as  to  interfedf  the  firft  ( 1 )  fomewhere  near 
the  Point  G  ;  thus  we  fee,  that  it  is  the  Property  of  a 
Convex-Glafs ,  to  colie  ft  together  the  Rays  of  Light  which 
fall  parallel  upon  it. 

43.  If  whilft  the  Glafs  remains  in  the  fame  Situation  w- Of  the 
parallel  Rays  fall  upon  it  from  fome  other  Place,  we  fhall 

find  that  they  will  meet  together  in  fome  other  Point,  and  which  come 
not  in  G  ;  thus  if  they  come  from  the  right  Side  of  thofe/™^#* 
before  drawn,  they  will  meet  on  the  left  Side,  viz.  near 
Y  ;  and  on  the  contrary,  if  they  come  from  the  left 
Side,  they  will  meet  on  the  right  Side  fomewhere  near  Z. 

44.  Let  us  confider  in  the  Third  Place,  A  Glafs  that  44-  Of  the 
is  thinner  in  the  Middle  than  at  the  Edges,  that  is,  a 

Glafs  concave  on  both  Sides,  fuch  as  is  reprefented  by  paging 
GBHIMK,  and  fuppofe  the  parallel  Rays,  AB,  CD,  through  <Z 
EF,  to  fall  upon  it.  Now  in  order  to  fee  how  they  ^Jfe' 
ought  to  be  refracled,  let  us  ere<51  Perpendiculars  at  the  Tab.  iv. 
Points  B,  D,  F,  where  they  enter  the  Glafs  :  This  be-  Fig*  9* 
ing  done  ;  fince  the  Ray  AB  coincides  with  the  Perpen¬ 
dicular,  it  will  enter  the  Glafs  as  far  as  M  without  any 
Refra&ion,  where  becaufe  it  falls  perpendicularly  upon  the 
Superficies  of  the  Air,  it  will  no  more  be  refra&ed  at 
going  out,  than  it  was  at  entering  into  the  Glafs,  and 
conlequently  it  will  go  directly  to  L.  But  becaufe  the 
Ray  CD  falls  obliquely  upon  the  Surface  of  the  Glafs,  it 
will  not  go  diredfly  to  P,  but  will  turn  to  Q,  becaufe  it 
tends  towards  the  Perpendicular  NDO  ;  and  becaufe  the 
Ray  DQ^  falls  obliquely  upon  the  Surface  of  the  Airalfo, 
it  will  not  go  dire&ly  to  T,  but  will  be  refracted  to¬ 
wards  V,  becaufe  it  goes  from  the  Perpendicular  RQS. 

So  likewife  if  we  examine  the  Ray  EF,  we  fhall  find  by 
the  like  Way  of  Reafoning,  that  it  will  go.  to  Y,  and 
from  thence  to  Z.  Whence  we  fee,  that  it  is  the  Pro¬ 
perty  of  a  Concave-Glafs  (2)  to  difperfe  the  Rays  which  fall 
parallel  upon  it. 

whole  Thtcknefs  BK.  See  Hagen's 
Diopt-  Prop.  27.  p.  94.  and  Bar- 
row,  Se£I.  V. 

(z)  To  difperfe  the  Rays )  In  fuch 
a  manner  that  they  may  feem  to 
come  from  a  frmliLine, 
or  fuch  Part  of  the  Line  Tab.  IV. 

AB  as  the  foremention-  Fig.  9. 
ed  fmall  Line  was,  into 
which  they  were  gathered  in  paffi.-g 
through  a  Convex-Glals» 


(1)  Somewhere  near  the  Point  G) 
For  the  Rays  are  not  collefted  to¬ 
gether  exaftly  into  the 
Tab.  IV.  fame  Place,  and  the  Fo- 

Fig.  8.  cus  is  not  in  a  Point,  but 

in  afmali  Line,  that  is, 
in  part  of  the  Line  KG,  fo  that  fome 
of  the  Rays  meet  with  each  other 
rearer  the  Point  K  than  others  of 
them.  Thus  for  Inftance,  if  the 
Glafs  be  equally  g'bbous  on  both 
Sides,  that  Line  will  be  4  of  the 

P 


45.  Let 


2  I  6 

4\l>*  Hozu  the 
Light  is  re¬ 
fracted  in 

Puffing  thro 1 
a  G Ij ft  that 
ha.  a  great 
many  Super- 
fetes. 

Tab.  V. 
Fig.  i. 


46;  Wherein 
the  Lufre  of 
precious 
Stones  con - 
fjis. 


47-  °ftbt 
Hefradion 

of  laght 
faffing  thro ' 
a  plain 

Ghjs. 

Tab.  V- 
Fig.  2. 
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45.  Let  us  confider  in  the  Fourth  Place,  a  Glafs  cut 
with  feveral  Surfaces  on  the  one  Side,  but  plain  on  the 
other,  fuch  as  is  reprefented  by  the  Figure  ABCDETS, 
and  fuppofe  the  Rays  FG,  HI  to  fall  parallel  upon  it: 
Draw  Perpendiculars  in  the  Points  G  and  I  ;  then  be¬ 
caufe,  from  what  was  before  faid,  thefe  Rays  ought  to  go 
towards  the  Perpendiculars,  we  are  fure  that  they  will 
bend  towards  K  and  Qj  and  becaufe  they  again  fall  ob¬ 
liquely  upon  the  Surface  of  the  Air  ST,  we  conclude  that 
they  will  be  refracted  a  fecond  Time  ;  fo  that  GK  will 
tend  toward  L,  and  I  (^towards  M  ;  and  becaufe  all  the 
parallel  Rays  that  fall  upon  the  fame  plain  Superficies,  are 
equally  inclined  to  it,  they  will  be  equally  refracted,  and 
eonfequendy  wall  be  parallel  when  they  come  out,  fo  that 
thofe  which  fall  upon  the  Superficies  RC  will  go 'along 
with  the  Ray  KL,  and  thofe  which  fall  upon  AB, 
CD,  DE,  will  go  along  with  the  Rays  QM,  PN, 
and  RO. 

46.  So  that  if  the  Surface  TS  wrere  covered  with  an 
opake  Body  which  receives  all  the  Rays  of  Light  that  fall 
upon  the  Superficies  AB,  BC,  CD,  DE  ;  it  is  evident,  that 
none  of  them  will  come  upon  the  Parts  SQ^and  RT,  and 
confequently  they  will  look  darker ;  whereas  the  Part  QR 
receiving  all  the  Light  which  falls  upon  every  one  of  the 
Surfaces  ought  to  appear  very  bright ;  and  herein  con- 
fids  the  Luftre  of  a  Diamond  and  other  precious  Stones 
which  are  any  way  tranfparent.  For  they  will  not  fhine, 
unlefs  they  be  cut  with  a  great  many  Superficies  in 
fuch  a  Manner  as  to  turn  die  Rays  of  Light  towards 
one  Place  at  the  Bottom,  where  is  a  fmall  Plate  of 
Gold  or  Silver  to  receive  the  Light,  and  refled:  it  back 
to  our  Eyes. 

47 .  Lafldy,  Let  us  fuppofe  a  plain  Glafs  of  equal  Thick- 
nefs  every  where,  fuch  as  ABCD,  upon  which  the  parallel 
Rays,  EF,  GH,  IL,  if  they  fall  obliquely,  fall  with  equal 
Obliquity,  fo  that  they  are  equally  refraded,  by  approach¬ 
ing  every  one  of  them  towards  the  Perpendicular,  and 
therefore  go  to  M,  O,  and  (T,  being  ftill  parallel,  and 
confequently  equally  inclined  to  the  Surface  BC;  whence 
it  follows,  that  in  pafling  into  Air,  they  recede  equally 
from  their  Perpendiculars,  and  fo  continue  always  paral¬ 
lel.  But  we  muft  obfervehere,  that  the  Rays  EF,  GH, 
IL,  which  incline  towards  the  Right,  when  they  firft  en¬ 
ter  into  the  Glafs,  are  inclined  as  much  towards  the  Left, 
tvhen  they  come  out  of  it :  So  that  we  may  fay,  the  Glafs 

( i )  un- 
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(1)  undoes  that  by  the  fecond  Refraction,  which  it  did 
by  the  firft  (2). 

48.  Since  Light  not  only  ftiines,  but  heats  alfo,  we  4-S*  ^ hat  all 
may  here  add  ;  that  though  we  cannot  perceive  any  f;fht°Jare 
Inequality  in  the  ACtion  of  luminous  Bodies,  but  that  capable  of 
they  feem  to  impell  uniformly  the  fecond  Element  which  producing 
furrounds  them,  towards  thofe  Bodies  which  terminate  tieat* 
their  ACtion  ;  yet  Reafon  (hows  us,  that  they  aCt  more 
Wrongly  at  fometimes  than  at  others  ;  not  only  becaufe 

their  Parts  are  not  all  equal,  nor  are  they  always  the  fame 
which  are  applied  to  the  fame  furrounding  Matter  to  im¬ 
pell  it;  but  alfo  becaufe  this  ACtion  is  at  firft  commu¬ 
nicated  to  a  tranfparent  and  liquid  Medium,  the  Parts  of 
which  continually  move  out  of  their  Places.  And  this 
caufes  the  fmall  Globules  of  the  fecond  Element  to  im- 
prefs  a  kind  of  Trembling  upon  the  Parts  of  the  Bodies 
to  which  they  are  impelled  by  the  luminous  Bodies  ;  and 
becaufe  Heat  confifts  in  fuch  a  kind  of  Agitation,  it 
follows,  that  all  luminous  Bodies  ought  to  produce  fome 
Heat. 

49.  However,  it  may  happen  that  this  Heat  may  not  49'  J^y 
be  at  all  perceivable,  either  becaufe  of  the  Weaknefs  of  jreeitbe  >ieat 
the  luminous  Body,  or  becaufe  the  Organ  upon  which  it  offomelumi - 
acts  is  hotter  than  it.  Thus  if  coming  from  a  Fire  we  mus  Bodleta 
expofe  our  felves  in  a  cold  Night  to  the  Rays  of  the 
Moon,  we  fhall  find  it  very  cold,  becaufe  in  fuch  Cir- 
cumftances,  we  give  more  Heat  to  the  Air  which  fur- 

rounds  us,  than  that  does  to  us. 

50.  And  as  the  Sun  is  very  bright,  fo  it  ought  to  raife  ^0.  <rbe 
the  moft  fenfible  Heat  in  us  ;  and  fo  we  find  by  Ex-  Surprising 
perience  every  Day  that  it  does  ;  nay,  to  that  Degree,  f faun's 
that  when  its  Rays  are  collected  by  a  concave- G la fs,  they  Heat . 
will  not  only  fet  combuftible  Bodies  on  which  they  fall, 

on  Fire,  but  will  melt  Metals,  Stones,  and  Flints, 


(1)  Undoes  that  by  the  fecond  Re- 
frabiion J  We  muft  have  a  Care  of 
thinking,  that  the  fecond 
Tab.  V.  Refradlion  fo  undoes  the 
Fig.  2.  firft,  that  the  Object  is 
feen  in  its  true  Place  ;  for 
the  Ray  BQextended  backwards  will 
not  coincide  with  the  Ray  LI,  but 
fall  to  the  right  Hand  of  it,  and  that 
fo  much  the  more,  the  thicker  the 
Glafs  is.  But  as  to  Colours  the  fe¬ 
cond  Refradtion  does  indeed  undo  the 
firft.  See  the  Note:  on  Art,  65. 


(2)  That  double  and  irregular 
Refradlion  of  Ijland  Chy/tal,  where¬ 
by  not  only  the  oblique  Rays  are 
feparated  into  two  Parts  on  the 
fame  Superficies  by  a  double  Re- 
fraclion  ;  but  alfo  thofe  that  fall  per¬ 
pendicularly  are  half  of  them  re- 
iradled  likewife,  is  very  different 
from  all  thofe  hitherto  explained  : 
The  Explication  of  this  you  may  lee 
in  Newt,  Opt,  p,  331. 


which 
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I 


51.  Tihat 
the  coloured 
Body  It  vet 
the  immedi¬ 
ate  Caufe  of 
the  Senfati- 
on  of  Colour, 


§z.  That  it 
is  the  diffe¬ 
rent  Modifi¬ 
cation  of  the 
Bays  of 
Bight  that 
caufe s  the 
different 
Senfation  of 
Colours  in 
us. 


R  0  H  AU  LT’s  System  Part  I. 

which  are  very  difficult  to  melt  with  Fire;  as  I  my 
felf  have  feen. 

5 1.  Having  fufficiently  explained  the  Nature  of  Light, 
and  the  common  Properties  of  it  ;  the  firft  Thing  that 
we  obferve  concerning  Colours,  is,  that  they  are  not  per¬ 
ceived  by  the  immediate  Application  of  the  coloured  Ob¬ 
ject  to  the  Organ  of  Senfation:  From  whence  it  follows, 
that  it  does  not  of  it  felf  excite  in  us  that  Senfation  of 
Colour  which  we  have  upon  looking  on  it  ;  for  we  cer¬ 
tainly  know,  that  one  Body  cannot  adfc  upon  another 
without  immediate  Contact  ;  but  whatever  there  may 
be  in  the  coloured  Objedt,  in  which  its  Colour  confifts, 
we  mull:  think,  that  it  a<fts  thereby  upon  fome  Medium 
which  it  finds,  and  by  that  Means  adts  afterwards  upon 
our  Organ  of  Senfation. 

52.  If  the  coloured  Objedt  only  had  been  confidered, 
which  generally  is  at  reft,  when  it  affedfs  the  Senfes,  I 
doubt  the  manner  of  its  adting  upon  the  Medium  would 
never  have  been  difeovered,  and  confequently  we  fhould 
never  have  known  diftintftly  what  Colour  confifts  in.  But 
if  we  obferve,  that  fuch  Bodies  are  not  to  be  perceived 
in  the  Dark  ;  and  that  in  order  for  them  to  appear  co¬ 
loured,  it  is  neceflary  for  them  to  have  fome  Light,  the 
Nature  of  which  is  to  be  refieefted,  when  it  meets  with 
a  Body  which  it  cannot  penetrate  ;  it  is  eafy  to  conclude, 
that  it  is  the  Light  which  aefts  upon  our  Organ  of  Sen¬ 
fation  to  make  us  perceive  any  Colour,  and  that  the 
whole  Abfion  of  the  coloured  Body  confifts  in  giving  it 
{2)  fome  Modification  which  it  had  not  before. 

S3-  This 


(1)  Some  Modification  which  it 
had  not  before )  In  order  to  explain 
the  Nature  of  Colours  we  muft  ob¬ 
ferve, 

lfl,  That  it  is  found  by  Experi¬ 
ence,  that  the  Rays  of  Light  are 
compounded  of  Part'cles  different 
from  one  another  :  that  is,  which 
are  (ss  is  highly  probable)  lome  lar¬ 
ger  and  fome  fmaller. 

idly.  That  a  Ray,  fuch  as  FE, 
falling  upon  a  refracting  Superficies 
in  a  dark  Room,  is  not 
Tab.  IV.  refrafted  whole  to  L,  but 
Fig.  5.  as  it  were  fplit  into  a 
great  many  fmaller  Rays, 
fome  cf  which  are  refra£lcd  to  L, 
others  of  them  to  feme  other  Points 
betwixt  L  and  G:  That  is,  (as  is 
very  probable  likewife)  thofe  Par¬ 
ticles  of  Light  which  are  frmJleft, 


are  the  eafieft  of  all,  and  the  moil 
turned  out  of  a  ftreight  Line  towards 
L,  by  the  A&ion  of  the  refracting 
Superficies;  and  the  reft  of  them, 
according  as  they  exceed  each  other 
inBignefs,  are  more  difficultly,  and 
Iefs  turned  out  of  a  right  Line,  to 
the  Points  betwixt  G  and  L. 

3 dly,  Thole  Particles  cf  Light 
which  are  moft  refracted,  make  a 
finall  Ray  of  a  Violet  Colour ;  that 
is,  ( as  is  very  likely)  the  fmalleft 
Particles  of  Light,  feparated  from 
the  reft  in  this  manner,  excite  the 
Ihorteft  Vibrations, in  the  f unica  Re¬ 
tina,  to  be  propagated  from  thence 
along  the  folid  Fibres  cf  the  optick 
Nerves  into  the  Brain,  here  to  ex¬ 
cite  the  Senfation  of  Violet  Colour, 
the  darkeft  and  the  fainteft  of  all 
Colours,  And  thofe  Particles  which 


are 
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53.  This  being  fuppofed,  there  cannot  be  an  eafier  53*  "That 
Way  to  comeat  the  certain  Knowledge  of.  the  Nature  tbeRouZh' 
of  Colours.  Forfince  Light  is  nothing  elfe  but  a  parti-  Superficii* 
cular  Motion  of  the  fmall  Globules  of  the  fecond  Ele-  °.f  * 
ment,  or  at  lead;  a  Difpofition  to  a  particular  Sort  of  Mo- 
tion  ;  nothing  more  is  requifite  for  the  underftanding  of  Atiim  of 
Colours,  but  only  to  examine  the  different  Modificati-  Light. 
ons  which  this  Motion  is  capable  of,  and  to  find  out  what 
there  is  in  the  Bodies  which  we  call  coloured,  to  caufe 
thefe  Modifications.  Now  the  firft  Thing  which  offers  it 
felf,  and  which  is  the  mod;  fimple  Modification,  is  this, 
viz.  That  this  Motion  cannot  but  be  weak,  if  all  the 

Rays 


are  refraCted  leaft,  they  make  a  fmall 
Ray  of  a  red  Colour;  that  is,  the 
biggeft  Particles  of  Light,  excite  the 
longeft  Vibrations  in  the  Tunica  Re¬ 
tina,  in  order  to  raife  the  Senfation 
of  a  red  C dour,  the  brighteft  of  all. 
Colours  ;  and  the  other  Particles  are 
aifo  every  one  feparated  into  fmall 
Rays,  according  to  their  Bigr.efs  and 
Refrangibility  ,  in  order  to  excite 
intermediate  Vibrations,  which  raife 
the  Senfations  of  intermediate  Co¬ 
lours.  Much  in  the  fame  manner, 
as  the  Vibrations  of  Air,  according 
to  their  different  Bignefles,  caufe 
Senfations  of  different  Sounds. 

4 thly,  The  Colours  therefore  of 
thnfe  fmall  Rays,  fince  they  aie  not 
accidental  Modifications  of  them, 
but  connate,  original,  and  neceffary 
Properties  of  them,  confifting  (as  is 
highly  probable  )  in  the  different 
Magnitudes  of  them,  are  permanent 
and  unchangeable  ;  that  is,  fuch  as 
cannot  be  altered  by  any  future 
RefraCfion,  Reflexion,  or  any  other 
Modification. 

5 tbly,  As  the  Rays  of  different 
Colours  begin  in  this  manner  to  be 
feparated  by  the  fmgle  RefraCtion  of 
one  Superficies ;  fo  that  Separation  is 
much  more  compleated  (  fo  as  ve¬ 
ry  eafily  to  be  perceived  by  our 
Senfes)  by  that  double  Refraction 
(  the  Firft  being  increafed  by  the 
Second)  which  is  made  in  the  two 
Sides  of  a  Triangular  Glafs  Prifm, 
(the  Phaenomena  of  which  aie  fully 
explained  in  the  Notes  on  Art.  65. 
below)  and  in  the  double  RefraCtion 
made  in  the  Superficies  of  Glaffcs 
of  other  Figures,  accoiding  as  their 
Superficies  are  further  from  being 
parallel  to  each  other,  fuch  as  the 
Object  Caffes  of  Telefcopes,  ©V» 


(and  this  is  the  Reafon  why  they 
cannot  be  made  perfect,  viz.  because 
of  the  Separation  of  the  coloured 
Rays.  See  the  Notes  on  Chap .  xxxiii. 
Art ■  28.) 

6 thly,  As  the  Rays  of  different 
Colours  are  feparated  by  the  Refrac- 
tions  of  Prifms,  and  other  thick 
Bodies,  fo  are  they  likewife  fepa¬ 
rated  in  another  manner,  in  very 
thin  Plates  of  any  tranfparent  Mat¬ 
ter.  For  all  Plates,  which  are  thin¬ 
ner  than  a  certain  determinate 
Thicknefs,  tranfmit  the  Rays  of  all 
Colours,  and  refleCl  none ;  but  as 
their  Thicknefs  increafes  in  an  A- 
rithmet'cal  Progreflion,  they  begin 
to  refleCt,  firft,  Rays  that  are  intirely 
Blue  :  then  Green,  Yellow,  Red, 
in  order  ;  and  again,  Blue,  Green, 
Yeilow,  Red  ;  but  more  and  more 
faint  and  mixed,  till  at  laft,  when 
they  come  to  a  certain  Thicknefs, 
they  refleCt  the  Rays  of  all  Colours 
throughly  mixed  together,  juft  as 
they  fell  upon  them,  and  thefe  make 
White.  And  in  that  Part  of  the  thin 
Plate  where  it  reflects  any  Colour, 
for  Inftance,  Blue,  it  always  tranf- 
mits  the  contrary  Colour,  viz  Red, 
or  Yellow :  For  the  truth  of  all 
which  Phaenomena,  found  out  by 
numbsrlefs  Experiments,  and  for 
the  Calculation  of  what  Thicknefs 
the  Flate  ought  to  be,  to  refleCl 
particular  Colours,  and  for  the  Rea- 
fonswhy  Plates  of  particular  Thick¬ 
nefs  refleCl  particular  Colours  in  this 
Manner,  fee  the  eminent  Sir  Ifaac 
Newton  moft  clearly  difeourfing  in 
his  Opt.  Book  II. 

7 thly,  All  natural  Codies  are  rmde 
up  of  very  thin  tranfparent  fmall 
Plates  ;  which,  if  they  be  fo  regu¬ 
larly 
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Rays  of  Light  which  fall  upon  an  Objeft  in  a  certain 
Order,  and  in  a  certain  Quantity,  be  not  refle&ed  back 
in  the  fame  Order,  nor  in  the  fame  Quantity  towards  one 
determinate  Place  of  the  Medium  where  the  Eye  is  fixed : 
And  we  are  fure,  that  this  muff  necefiarily  happen,  if  the 
very  fmall  Particles  of  the  illuminated  Body  are  fo  difpo- 
fed,  as  to  make  a  rough  and  uneven  Superficies  j  for  then 
the  Rays  which  come  as  it  were  parallel  from  the  lumi¬ 
nous  Body,  fall  upon  fuch  a  Superficies  with  all  forts  of 
Obliquities,  and  therefore  are  fcattered  and  reflected  all 
Ways  ;  and  this  is  the  Reafon  why  the  Eye  does  not  re¬ 
ceive  the  Light  with  its  full  Force ;  but  only  a  certain 
fmall  Number  of  Rays  are  determined  by  this  Super¬ 
ficies  to  come  to  the  Place  where  the  Eye  is  fixed  ;  and 
hence  we  may  conclude,  that  there  is  fome  particular  Co¬ 
lour  which  confifts  only  in  the  Roughnefs  of  the  Surface  of 
the  coloured  Body ,  and  which  gives  no  other  Modification  to 
the  Light ,  but  only  this ,  that  it  reflects  it  all  ways  indiffe¬ 
rently  in  the  fame  manner  as  it  received  it. 

54.  Now  as  this  is  the  leaft  Modification  of  Light  that 
can  be  ;  fo  the  Body  which  caufes  it  ought  to  refemble 
the  luminous  Body  as  much  as  pofiible,  that  is,  it  ought 
to  excite  in  us  the  Senfation  of  TVhitenefs^  which  comes 
the  neareft  to  Light  of  any  Colour.  And  this  is  confirm¬ 
ed  by  Experience  ;  for  the  white  Colour  of  EJlamps  Sand 
is  found  to  confift  in  this,  that  every  Grain  does  thus  re¬ 
flect  any  Ray  of  Light  all  Ways.  For  when  we  look  up¬ 
on  any  of  the  Grains  with  a  Microfcopey  they  have  no 
Colour  at  all,  but  are  tranfparent,  like  fmall  Pieces  of 
Chryftal  of  all  Shapes,  or  like  little  Diamonds  which  af- 


larly  difpofed,  with  regard  to  each 
other,  that  there  is  no  Reflexions 
or  Refractions  in  their  Interflices, 
then  they  conftitute  a  tranjparent 
Body.  But  if  their  Interflices  be  fo 
large,  and  filled  with  fuch  Matter, 
or  fo  empty  (propoitionably  to  the 
Denfity  of  the  Parts  themfelves)  that 
there  are  feveral  Reflexions  and  Re- 
fraCticns  made  within  the  Body, 
then  that  Body  is  Opake.  (See 
above)  further,  thofe  cprke  Bodies 
which  are  made  up  of  the  thinnefl 
fmail  Plates  of  all,  are  Black  ;  and 
thofe  that  are  made  up  of  the  thick- 
eft  fmall  Plates,  or  of  fuch  as  ate 
cf  very  different  Thickneffes,  and 
are  therefore  fitted  to  refleCt  all  Co¬ 
lours,  fuch  as  the  Froth  of  Water, 


thefe  are  White  j  and  thofe  which 
are  made  up  of  fmall  Plates,  the 
moft  of  which  are  of  fome  interme¬ 
diate  Thicknefs,  are  therefore  Blue , 
Greeny  Yellow,  or  Red ,  viz.  by  re¬ 
flecting  not  all  the  Rays  of  that 
Colour,  but  more  of  thofe  than  of  any 
other  Colours ;  the  greateft  Part  of 
which  other,  they  either  fuffocate* 
and  by  intercepting  them,  extinguilh 
them  quite,  or  elfe  they  tranfmit 
them  $  whence  it  is,  that  fome  Li¬ 
quors  (for  lnftance,  an  Infufion  of 
Lignum  Nephriticum)  appears  Red 
or  Yellow  by  a  reflected  Light ;  and 
Elue  by  a  rranfmitted  L:ght  j  and 
Leaf- Gold  appears  Yellow  when 
looked  upon,  but  Green  or  Blue  when 
locked  through, 


ford 
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ford  fuch  a  Paffage  to  the  Light,  that  they  refledf  it  all 
Ways  in  the  fame  manner  as  they  received  it. 

55.  We  may  further  conjecture,  nay,  we  may  be  a f- 
1  fured,  that  the  E fence  of  Whitenefs  confifls  in  nothing  elfe 
but  the  Roughnefs  of  the  white  Body ,  if  we  confider,  that 
we  cannot  make  fome  Bodies  rough ,  but  they  will  alfo 
become  white  at  the  fame  Time,  nor  take  away  their 
Roughnefs ,  but  we  muft  likewife  take  away  their  White- 
nefs.  Thus  Goldfmiths  make  Silver  white ,  by  putting  it 
firft  into  the  Fire,  to  take  off  all  the  Drofs  and  Dirt 
which  foils  it  ;  and  then  dipping  it  in  boyling  Water, 
into  which  they  caft  a  certain  Quantity  of  Tartar  and 
common  Salt  (  which  are  corrofive  Bodies,  and  proper  to 
make  the  Superficies  of  Silver  rough  and  uneven.)  And 
to  take  off  the  Whitenefs ,  they  do  nothing  more  but 
rub  the  Silver  with  what  they  call  a  Blood-ffone,  which 
is  very  hard  and  fmooth ;  which  by  prefling  upon  the 
Part  it  is  applied  to,  muff  neceffarily  deprefs  the  Parts 
which  ftick  up,  and  raife  the  Parts  which  fink  in, 
that  is,  take  off  the  Roughnefs. 

56.  As  we  take  it  for  granted,  that  a  white  Body  does 
not  abforb  any  of  the  Rays,  but  that  its  Superficies  re¬ 
flects  them  all  Ways  indifferently,  it  follows,  that  we 
cannot  place  the  Eye  any  where,  but  that  it  will  receive 
pretty  near  the  fame  Number  of  Rays  as  if  it  were  placed 
any  where  elfe  ;  and  confequently  the  Body  ought  to  ap¬ 
pear  white  from  what  Side  foever  it  is  viewed.  But  the 
Cafe  of  plain  poliffied  Bodies,  fuch  as  Looking- Glaffes, 
is  different  ;  for  when  they  receive  the  parallel  Rays  of 
Light  from  one  Side  only,  they  can  refleCt  them  to 
the  other  Side  only,  where  they  may  dazzle  the  Eye, 
but  they  will  not  refleCt  Rays  to  any  other  Part. 

57.  As  Black  is  contrary  to  White ,  there  is  no  doubt 
but  that  the  Eflence  of  Blacknefs  confifts  in  the  contrary 
to  that  of  Whitenefs.  Wherefore,  as  it  is  neceffary,  in 
order  for  a  Body  to  look  White ,  that  it  fhould  refleCt  the 
Light  which  falls  upon  it  towards  all  Parts  in  the  fame 
manner  as  it  receives  it,  fo  that  there  can  be  no  Place, 
but  that  a  fufficient  Quantity  of  Rays  muff  affeCt  our 
Eye :  So  likewife  ought  we  to  think,  that  in  order  to  per¬ 
ceive  Blacknefs ,  there  muft  come  no  Rays  at  all  to  the 
Eye  ;  and  confequently  the  Bodies  which  we  call  Blacky 
and  which  appear  fo  to  our  Senfes,  abforb  all  the  Rays  in 
fuch  a  manner,  that  they  refleCt  none  of  them  to  make 
any  Impreflion  upon  the  Eye  :  And  becaule  a  Body  can- 
net  ddtroy  {he  Motion  ef  aaetta  Body,  but  by  gaining 
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it  itfelf,  it  is  eafy  to  conceive,  that  the  Parts  of  Black 
Bodies  are  very  fine  and  broken ,  fo  as  to  be  eafily  Jhaken . 
58.  Why  a  58.  And  this  is  confirmed  from  hence.  Firft,  That 
*Bod;™tbat  Rar^nefi->  that  thofe  Places  where  Bodies  having  no 
are  not  Light  falling  upon  them,  can  reflect  no  Rays  to  the 
Black, do  yet  Eyes,  (1)  appears  Black.  Secondly,  Shadows ,  or  thofe 
appear  fo,  pjaces^  which,  by  reafon  of  the  Interpofition  of  fome 
opake  Body,  do  not  receive  the  Rays  of  Light  from  the 
luminous  Body,  or  receive  but  a  few  of  them,  appear 
Black.  Laftly,  A  well-polijhed  Body ,  which  does  re¬ 
ceive  a  great  many  Rays  of  Light,  but  reflects  them  to 
the  Side  oppofite  to  us,  appears  Black. 

5q.  Why  59.  Thefe  Things  being  allowed,  it  will  riot  feem 
Wood ’when  ffrange,  that  Flame  which  is  fo  bright,  fhould  convert 
a  Coal’ ntt°  White  Wood  into  a  Black  Coal.  For  it  is  manifeft, 
tumi  Black .  that  the  Wood  has  loft  a  great  many  of  its  Particles, 
which  ferved  to  nourifh  the  Flame  ;  wherefore  thegreateft 
Part  of  the  remaining  ones  are  fo  (2)  difunited,  and  eafily 
fhaken,  that  they  abforb  almoft  all  the  Light  that  falls 
upon  them. 

€0.  That  ell  60.  I  fay,  the  greateft  Part  only  are  difunited  and  eafy 
the  Parts  of  1 0  be  put  in  Motion,  and  not  all  of  them ;  for  it  may 
not  Blfck.  happen,  that  the  ftneft  Particles  which  are  on  the  Out- 
fidenf  the  Coal,  may  be  like  Down  to  cover  the  more 
lolid  Parts,  and  fuch  as  are  capable  of  reflecting  a  fuffi- 
cient  Quantity  of  Rays  of  Light :  And  thus  we  fee,  that 
after  the  Fire  has  carried  off  all  that  it  can  confumeof  the 
Coal ;  there  yet  remains  a  great  many  Parts  which  com- 
pofe  the  Cinder,  which  are  pretty  folid,  for  they  appear 
of  a  whitifti  Colour. 

6r.  That,  61.  £ecaufe  the  Particles  of  Black  Bodies  are  more  dif- 
r&us^Black  united  than  thofe  of  White  Bodies,  it  follows,  that  they 
Bodies  ought  contain  lefs  of  their  own  proper  Matter  in  the  fame  Bulk 
than  thefe  other.  And  becaufe  the  more  a  Body  has  of 
White,  heavy  Matter,  the  heavier  ought  it  to  weigh,  therefore 


(i)  appears  Black )  This  is  taken 
cwtofArifiotlc'sfirfi  Book  of  Colours. 
Chap  i.  There  are  Three  Ways  that 
Blagk  appears  to  us.  Where  we  can . 
not  fie  at  all ,  it  is  naturally  Black. 
Or  where  there  is  no  Light  brought 
to  our  Eyes.  Or  where  the  refietied 
Light  is  •very  rare  and  final 'I  j  and 
thus  Shadows  appear  Black. 

(z)  Difunited  and  eafily  fioaken) 
And  they  very  eafily  and  Ihongly 
make  other  Boiies,  to  which  they 


are  applied,  of  a  Black  Colour,  be¬ 
caufe  the  very  fmall  Particles  cf  the 
Coal,  the  Number  cf  which  is  veiy 
great,  eafily  ewer  over  the  grofl'er 
Particles  of  other  Bodies.  But  this 
Opinion,  concerning  the  Nature  of 
Blacknefs ,  in  general  is  veiy  much 
confirmed  frotn  hence,  •vi»,  that 
Black  Bodies  are  fooner  heated  ;  and 
if  wetted,  grow  fooner  dry  than 
White,  as  is  confirmed  by  very  cer¬ 
tain  Experiments.  Sec  Art*  6z. 
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we  ought  to  conclude,  that  c ceteris  paribus  of  two  equal 
Bodies,  the  one  Blacky  and  the  other  White ,  the  latter 
ought  to  weigh  more  than  the  other ;  Wherefore  the  Wood 
ought  to  weigh  more  than  the  Coal ;  and  a  piece  of  White 
Marble  more  than  a  Piece  of  Blacky  of  the  fame  Bignefs. 

6 2.  Having  thus  explained  the  Nature  of  White  and 
Black ,  we  fhall  eafily  underffand  the  Reafon  why  the  Rays 
of  the  Sun  collected  by  a  Convex-Glafs,  will  not  burn 
at  all,  or  burn  with  greater  Difficulty  White  Bodies  ;  but 
will  eafily  kindle  black  Bodies ,  though  they  be  both  ccm- 
buftible.  For  it  is  evident,  that  the  White  Body  which 
reflects  all  the  Rays  that  fall  upon  it,  is  not  fhaked  by 
them,  and  that  the  Black  Body  which  abforbs  and 
choaks  all  the  Rays,  therefore  abforbs  them  becaufe  it 
receives  all  their  Motion  ;  by  which  Means  it  begins  to 
grow  hot,  and  at  laff  takes  Fire. 

63.  Hence  we  fee  the  Reafon  of  a  Fa<5f  which  wre 
ifhould  not  know  but  by  Experience;  which  is,  that 
White  Bodies  weary  the  Sight,  and  Black  ones  refrefh  it. 
For  we  cannot  look  upon  White ,  but  we  muft  receive  the 
Impreffion  of  a  great  Quantity  of  Rays,  which  fatigues 
the  Sight,  whereas  we  fee  Black  when  no  Rays  come  to 
us,  which  refrelhes  it. 

64.  From  all  which  it  follows,  that  thofe  Bodies  are 
the  whiteji  which  reflect  all  Ways,  and  with  the  fame 
Force,  all  the  Light  which  falls  upon  them  ;  and  on  the 
contrary,  that  thofe  Bodies  are  the  blackejl ,  which  abforb 
the  Light  the  moff  that  can  be.  Such  we  have  reafon  to 
believe  black  Vehet  to  be,  becaufe  the  fmall  Threads  of 
Silk  of  which  it  is  made,  are  like  Briftles,  and  fo  placed 
as  to  be  as  rough  as  poffible  ;  wherefore  it  is  the  blackeft 
Thing  in  the  World. 

65.  As  to  the  Modifications  of  the  Rays  of  Light, 
which  excite  in  us  the  Senfation  of  other  Colours  ;  as 
Red,  Yellow ,  and  Blue ,  wre  ought  to  think  that  they  con- 
fift  in  this,  viz.  that  the  final!  Globules  of  the  fecond  E- 
lement,  which  compofe  the  Rays  that  are  reflected  from 
all  fuch  Bodies,  have  not  fo  much  Force  or  fo  great  a  Dif- 
pofition  to  go  on  in  a  {freight  Line,  as  the  Globules  of  the 
Rays  which  are  reflected  from  white  Bodies,  and  therefore 
inftead  thereof,  they  are  fome  way  turned  about  their  own 
Centers;  and  fo  part  of  the  Force  which  they  had  be¬ 
fore  to  go  on  in  a  {freight  Line,  is  fpent  upon  this 
Motion.  Which  may  be  juffified  from  hence,  that  we 
cannot  conceive  what  other  Alteration  than  this  can  hap¬ 
pen 
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pen  to  the  Rays  of  Light,  in  pafling  through  (i)  a  tri¬ 
angular  Glafs  Prifm ;  and  yet  we  fee,  that  by  going 
through  this  Prif?n ,  they  are  capable  of  exciting  in  us  the 
Senfation  of  Red,  Yellow ,  and  Blue. 

66.  But 


(i )  A  triangular  Glafs  Prifm ) 
Becaufe  the  Experiments  of  a  trian¬ 
gular  Prifm,  are  as  it  were  the 
Touch-ftone  by  which  every  Hypo- 
thefis,  and  every  Theory)  concerning 
the  Nature  and  Properties  of  Co- 
Jours,  is  to  be  examined  and  tried  j 
1  fha.ll  not  think,  it  too  much  trouble 
briefly  to  enumerate  here  the  prin* 
cipai  Phaenomena  as  they  are  ex¬ 
plained  by  the  famous  Sir  Ifaac 
Nnvton  all  along  in  his  Opticks.  I. 
Then,  the  Rays  of  Light  tranfmit- 
ted  through  a  Prifm,  paint  an  Image 
upon  the  oppofiteWall,  diftinguifhed 
into  various  Colours,  the  Chief  of 
which  are.  Red,  Yellow,  Green, 
Blue,  and  Violet.  2.  This  Image 
is  not  round,  but  when  the  Angle  of 
the  Prifm  is  about  6o  or  65  Degrees, 
five  times  as  long  as  it  is  broad. 
3.  Thcfe  Rays  which  make  a  Yel¬ 
low  Colour,  deviate  more  from  a 
ftreight  Line  ,  than  thofe  which 
make  a  Red  j  and  thofe  which  make 
a  green  Colour,  deviate  more  than 
thofe  that  make  a  Yellow,  &c.  and 
thofejwhich  make  a  violet  Colour, 
deviate  moft  of  all.  4..  If  the 
Piifm,  through  which  the  Rays  are 
tranfmitted,  be  fo  turned  about  its 
Axis,  that  the  Red,  Yellow,  Green, 
fife  Rays  fall  in  order  through  a 
fmall  Hole  upon  another  Prifm,  a- 
bout  twelve  Foot  diftance,  and  be 
turned  another  Way  ;  the  Yellow, 
(S'c.  Rays,  though  they  fall  with 
the  fame  Incidence  upcn  the  fccond 
Prifm  as  the  Red  do,  yet  they  will 
not  be  turned  upon  the  fame  Place 
as  the  Red,  but  will  be  carried  fur¬ 
ther  towards  that  Part,  to  which 
the  Refra  ft  ion  is  made.  Further,  if 
i*i  the  Place  cf  the  kcond  Prifm 
they  be  received  by  a  Glafs  that  is  a 
little  gibbous,  the  Yellow,  Green, 
&c,  Rays,  every  one  in  their  Or¬ 
der,  will  meet  in  a  Focus  fooner 
than  the  Red.  5.  The  Colours  of 
the  coloured  Rays,  well  feparated, 
(the  manner  of  doing  which,  you 
m3y  fee  in  Newt  Opt.  p.  54, 
cannot  be  deftroyed,  nor  any  Way 
altered  by  repeated  Refra&ions.  6. 
Thg  Colours  cf  coloured  Rays  can¬ 


not  be  at  all  altered,  by  paffing 
through  a  Place  that  is  Light,  nor 
by  croffing  each  other ;  nor  by  the 
Confines  of  a  Shadow  j  nor  by  re- 
fledting  them  from  any  natural  Bo¬ 
dies  in  a  Place  dark  every  where 
elfe.  7.  All  the  coloured  Rays  to¬ 
gether,  colledted  either  by  feveral 
Prifms,  or  by  a  Convex  or  Concave- 
Glafs,  make  White,  but  when  fe¬ 
parated,  after  croffing  each  other, 
they  all  exhibit  their  own  Colour* 
8.  If  the  Rays  of  the  Sun,  fall  up¬ 
on  the  inward  Superficies  of  the 
Prifm,  with  the  greateft  Obliquity 
that  any  of  the  Rays  can  be  tranf¬ 
mitted  at,  thofe  that  are  reflected 
will  be  Violet,  and  thofe  which  are 
tranfmitted  will  be  Red.  9.  If  there 
be  two  Prifnfa,  the  one  filled  with  a 
Red  Liquor,  and  the  other  with  a 
Blue  ;  the  two  Prjfms  clapped  toge¬ 
ther  will  be  opake,  though  if  they 
be  both  filled  with  a  red  or  blue  Li¬ 
quor,  they  will  be  tranfparent  when 
clapped  together.  10.  All  natural 
Bodies,  but  efpecially  White,  when 
looked  at  through  a  Prifm,  appear 
to  be  bordered  on  one  Side  with  a  red 
and  yellow  Colour,  and  on  the  other 
Side  with  a  Violet  and  Blue.  1 1.  Jf 
two  Prifms  be  fo  placed,  that  the 
Red  of  the  one,  and  the  Purple  of 
the  other,  be  mixed  on  a  proper 
Piece  of  Paper,  furrounded  with 
Darknefs,  there  will  be  a  pale  I- 
mage ;  which  if  it  be  looked  upon 
through  a  th:rd  Prifm  at  a  due  Dif- 
tuice,  will  appear  double,  Red  ar.d 
Purple.  12.  So  likewife,  if  two 
Sorts  of  Powder,  the  one  perfe£ily 
Red,  and  the  other  perfectly  Blue, 
be  mixed  together,  and  any  fmall 
Body  be  dawbed  thick  with  that 
Mixture,  it  will  appear  to  the  Eye 
through  a  Prifm,  to  have  two  Ima¬ 
ges,  a  red  and  a  blue  One. 

Thefe  are  tfie  moft  general  Phaeno¬ 
mena  of  the  Prifm  j  ( to  reckon  up 
3 11  the  Particulars  which  are  worth 
observing,  would  be  end'.efs)  from 
which  it  appears  at  fit  ft  Sight,  that 
the  Colours  cannot  confift  in  the 
turning  round  of  the  Globules  only, 
according  to  Cartes ,  no i  in  the  Ob¬ 
liquity 
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66.  But  for  the  clearer  underftanding  hereof ;  let  the 
Side  BC  of  the  Prifm  ABC  be  covered  all  over  with 
fome  opake  Body,  except  the  Place  DE,  where  there 
is  to  be  a  Hole  in  the  opake  Body  for  fome  of  the  Rays 
FI,  GL,  coming  from  the  Sun  FG  to  pafs  through; 

which. 


liquity  of  the  Pulfes  of  the  aetheria  1 
Matter,  as  Mr.  Hook  thought.  Mi- 
crog.  Obfer.  9, nor  in  the  Light  being 
thick  and  rare,  or  flower  moved  ;  as 
the  famous  Barrow  conjectures  , 
LeB.  12.  towards  the  End.  But 
thefe  and  all  other  Phaenomena  of 
Colours,  are  very  eafliy  and  clearly 
explained,  by  the  true  Theory  of  that 
incomparable  Perfjn  fo  often  cited. 

For  Firft.  ‘I be  Rays  of  Light 
transmitted  tbro'  a  Prifm,  paint  an 
Image  Upon  the  cppofte  Wally  dtfiin  - 
guijh/d  into  v  ariout  Colours  :  Becrufe 
the  coloured  Rays  are  feparated  by 
RefraCtion.  Thu?  the  blue  Rays,  for 
Inftance  ,  marked 
Tab.  XXII.  with  the  prick'd 
Fig.  i.  Fig.  2,  Line, which  begin  to 
be  fepirated  in  the 
Side  <a  of  the  Prifm  abc  (and  alfo 
in  the  firft  Superficies  of  the  Globe 
of  Water  a  be)  from  the  reft  by  the 
firft  RefraCtion  in  dd  j  are  feparated 
ftill  more  in  be  the  other  Side  of  the 
Prifm  (and  alfo  in  coming  out  of 
the  Globe  abc)  by  a  fecond  Refrac¬ 
tion  towards  the  fame  part 
Fig.  4.  in  ee  :  But,  on  the  con- 
Fig.  3.  traiy,  in  the  plane  Gla/s 
abef  (and  alfo  in  the  P.ifm 
glo  placed  in  another  Situation,  the 
blue  Rays,  which  begin  to  be  fep.i- 
xated  f.  om  the  reft  in  the  firft  Su¬ 
perficies  in  dd,  go  out  parallel  in 
the  other  Superficies,  the  RefraCtion 
being  made  the  contrary  Way,  that 
ip,  they  are  mixed  again  with  the 
Colours  of  the  other  Rays.- 

Second  ly .  This  Image  is  not  round, 
but  about  five  times  at  long  as  it  is 
broad  ;  Becaufe  fome  Rays  are  more 
xefraCted  than  others,  and  therefore 
they  reprefenr  a  great  many  Images 
of  the  Sun  like  one  Image  drawn 
into  a  great  Length. 

Thirdly  and  Fourthly.  Tbofe  Rays 
•wbifh  make  a  yellow  Colour ,  deviate 
more  from  a  freight  Line ,  than  tbofe 
which  make  a  Red ,  and  thole  which 
make  a  green  Colour,  dtviate  more 
than  tbofe  that  make  a  Yellow,  See. 
and  tbofe  which  make  a  violet  Colour, 
deviate  mjl  of  all  :  And  further , 

VOL,  1, 


if  the  Prifm  through  which  the  Rays 
are  tranfmitted ,  be  fo  turned  about 
its  Axis,  that  the  Red,  Yellow , Green , 
See.  Rays ,  fall  in  order  thro'  a fmall 
Hole  upon  another  Prifm  about  twelve 
Foot  difiance,  and  be  turned  another 
Way  j  the  Yellow,  Sec.  Rays ,  tbo * 
they  fall  with  the  Jame  Incidence  up  • 
on  the  fecond  Prijm  as  the  Red  do, 
yet  they  will  net  be  turned  upon  the 
fame  Place  as  the  Red,  but  will  be 
carried  further  towards  that  Part , 
to  which  the  Ref  ration  is  made.  Fur¬ 
ther,  if  in  the  Place  of  the  fecond 
Prifm,  they  be  received  by  a  Glafs 
that  is  a  little  gibbous ,  the  Yellow , 
Green,  Sc c.  Rays ,  every  one  in  their 
order,  will  meet  in  a  Focus  fooner  than 
the  Red  :  Becaufe  the  Yellow  Rays 
are  mere  refracted  than  the  Red, 
and  the  Green  than  the  Yellow, 
and  the  Blue  and  Violet  moft  of -all. 

Fifthly  and  Sixth’y  The  Colour 
of  the  coloured  Rays  well  feparated, 
cannot  be  defroyed  ,  nor  any  way 
altered,  by  repeated  Ref  rations,  nor 
by  pajfng  through  a  light  Place,  nor 
by  cr'Jfing  each  other ,  nor  by  the 
Confines  of  a  Shadow,  nor  by  re~ 
Jl  citing  them  from  any  natural  Bodies 
in  a  Place  dark  every  where  elfe  : 
Reciiufe  their  Colours  are  not  Modi¬ 
fications  arifing  from  RefraCtion  , 
but  immutable  Properties  belonging 
to  their  Nature. 

Seventhly.  All  the  coloured  Rays 
together,  colic  Bed  either  by  feveral 
Prifms,  or  by  a  convex  or  concave 
Glafs ,  make  White ;  but  when  f  pa- 
rated  after  crefing  each  other,  they 
all  exhibit  their  own  Colour  :  For  as 
*  the  Ray,  before  it  was  div  ded  into 
feveral  Parts  by  RefraCtion,  was 
"White  j  fo  by  thdfe  Parts  being 
nvxed  together  again,  it  becomes 
White  again  ;  and  the  coloured  Riys, 
when  they  unite  ,  do  not  deftroy 
one  another,  but  are  only  m;xed 
together.  And  hence  it  is,  that  Red , 
Yellow,  Green,"  Blue,  and  Violet 
Powders  mixed  together  in  a  certain 
Proportion,  are  fomewhat  whitilh  ; 
that  is,'  are  of  fuch  a  Colour  as  ari- 
fes  from  a  Mixture  of  White  and 

Black, 


66.  Of  the 
ABion  of 
the  Rays  of 
Light  paf- 
fing  through 
a  Glafs 
Prifm. 

Tab.  V.  J 
Fig.  3. 
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which,  according  to  what  was  faid  before,  will  be  refract¬ 
ed  in  fuch  a  manner,  that  the  Ray  FI  will  tend  towards 
M,  and  from  thence  to  N,  and  GL  will  go  to  O,  and 
from  thence  to  P.  Whence  it  is  to  be  obferved,  that 
FI,  GL  are  therefore  turned  out  of  the  Way  in  this 
manner,  becaufe  the  fmall  Globules  at  their  entering  into 
the  Glafs,  find  an  eafier  Paflage  thisWay,  that  is,  towards 
the  right  Hand,  than  towards  the  Left.  Thus  for  in- 
ftance°  Let  STV  be  one  of  thefe  Globules,  we  muft 


Black  j  and  would  be  entirely  White, 
if  fome  of  the  Rays  were  not  ab- 
forbed  :  So  likewife  if  a  round  piece 
of  Paper  be  painted  with  all  thofe 
Colours  diftindt  from  each  other,  and 
in  a  certain  Proportion,  and  then 
turned  very  quick  round  upon  its 
Center,  that  by  the  Swiftnefs  of  the 
^Motion,  all  the  Species  of  Colours 
may  be  mixed  together  in  the  Eye  ; 
the  particular  Colours  will  immedi¬ 
ately  vanilh,  and  the  Paper  will  look 
all  of  one  Colour,  which  is  a  Me¬ 
dium  betwixt  White  and  Black. 

Eighthly,  If  the  Rays  rf  the  Sun 
fall  upon  the  inward  Superfetes  of 
the  Prifm ,  with  the  greatefi  Obliqui  - 
ty  that  any  of  the  Rays  can  be  tranfi 
mitted  at ,  thofe  which  are  reflected 
will  be  Violet ,  and  thofe  which  are 
iranfmittfd,  will  be  Red ;  Becaufe 
the  Rays,  being  coloured  before  they 
were  refradted  at  all,  and  the  more 
they  are  capable  of  being  refradted, 
the  fooner  are  they,  refledted  alfoj 
are  feparated  in  this  manner. 

Ninthly,  If  there  be  two  Prifms , 
the  one  filled  with  a  Red  Liquor ,  and 
the  other  with  a  Blue ,  the  two  Prifms , 
clapped  together,  will  be  opake,  tbo ' 
if  they  be  both  filled  with  a  Red  or 
a  Blue  Liquor ,  they  will  be  tranfpa. 
rent  when  clapped  together  :  Becaufe 
one  of  them  tranfmit  none  but  Red 
Rays,  and  the  other  none  but  Blue, 
therefore  when  put  together,  they 
can  tranfmit  none  at  all. 

Tenthly,  All  natural  Bodies ,  but 
efpecially  White  ants ,  when  looked  at 
through  a  Prifm ,  appear  to  be  bor¬ 
dered  on  one  Side ,  with  a  Red  and 
Yellow  Colour ,  and  on  the  other  Side 
with  a  Blue  and  Violet.  Becaufe  thofe 
Borders  are  the  Extremities  of  whole 
Images,  which  the  Rays  of  eveiy 
Species,  according  as  they  are  more 
or  lefs  refradted,  exhibit  at  a  greater 
or  lefs  diftance  from  the  true  Place  of 
the  Objedt. 


Eleventhly  and  Twelfthly,  If  two 
Prifms  be  fo  placed ,  that  the  Red  of 
the  one ,  and  the  Purple  of  the  other , 
be  mixed  on  a  Piece  of  Paper  fitted 
for  the  purpofe  and  furrounded  with 
Darknefs  j  there  will  be  a  pale  Image , 
which  if  it  be  looked  upon  through  a 
third  Prifm,  at  a  due  dt fiance,  will 
appear  double ,  Red  and  Purple  •*  So 
likewi/e,  if  two  Sorts  of  Powder,  the 
one  perfeBly  Red,  and  the  other  per  . 
feElly  Blue ,  be  mixed  together,  and 
any  fmall  Body  be  dawbed  thick  with 
that  Mixture,  it  will  appear  to  the 
Eye,  through  a  Prifm,  to  have  two 
Images,  a  Red  and  a  Blue  one  •  Be¬ 
caufe  the  Red  Rays,  and  the  Purple 
or  Blue  ones  are  feparated  by  an  un« 
equal  Refradtion. 

Moreover,  thirteenthly,  If' tbo 
Ray  which  are  tranfmitied  through 
a  gibbous  Glafs,  be  received  upon  A 
Piece  of  Paper  before  they  meet  in  the 
Focus,  the  Corfines  of  Light  and  Sha  • 
dow  will  feem  tinged  with  a  red  Co - 
lour,  but  if  beyond  the  Focus,  with  a 
Blue  :  Becaufe  in  the  former  Cafe, 
the  Red  Rays,  wh:ch  are  fomewhat 
lefs  refradted,  are  uppermoft  $  but 
after  crofting  in  the  Focus ,  the  Blue 
are  fo. 

Fourteenthly,  If  the  Rays  that 
go  through  one  half  of  the  Pupil  be 
intercepted  by  any  opake  Body  put 
chfe  to  the  Eye,  the  Extremities  of 
the  ObjeBs  beyond,  will  appear  ting¬ 
ed  with  Colours ,  as  they  do  through  a 
Prifm,  but  not  fo  vivid  :  Becaufe  the 
Rays  which  are  tranfmitted  through 
the  other  part  of  the  Pupil,  are  fepa¬ 
rated  into  Colours  by  Refradtion, 
and  will  not  be  diluted  by  the  Mix. 
ture  of  the  intercepted  Rays,  which 
would  have  been  refradted  the  con¬ 
trary  way  :  And  hence  it  is,  that  a 
Body  which  looked  at  through  two 
Holes  in  a  Piece  of  Paper,  appears 
double,  appears  tinged  with  Coloitfs 
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think  that  the  Superficies  AB  determines  it  to  move  to¬ 
wards  S,  rather  than  towards  V,  and  confequently  to  turn 
about  its  Center  in  the  order  of  the  Letters  STV,  which 
it  will  continue  to  do  the  whole  Length  of  the  Line 
IM.  And  becaufe  when  it  is  come  to  M,  where  it  un¬ 
dergoes  a  Refraction  towards  the  right  Hand  ;  this  is  a 
Reafon  why  it  fhould  be  turned  about  again  in  like  man¬ 
ner  ;  therefore  it  muft  be  acknowledged,  that  the  fmall 
Globules  which  come  out  of  the  Glafs  towards  N,  are  fo 
modified,  that  befides  the  Difpohtion  they  have  to  move 
(freight  along,  they  have  a  Difpoiition  alfo  to  turn  about 
their  own  Centers. 

67.  What  was  affirmed 'of  the  Globules  of  the  Ray  67.  That  the 
FIMN  is  to  be  underflood  alfo  of  thofe  of  the  Ray 
GLOP  and  of  all  the  other  intermediate  Rays.  But  af-  Mitifica- 
ter  the  fecond  RefraClion,  which  is  made  at  the  Surface  ln  tbtje 
BC,  we  find  on  the  one  Hand,  that  the  fmall  Globules  of  v 
the  Ray  MN  are  turned  about  in  the  fame  manner  as  Fig.  3, 
they  were  at  firft,  from  a  new  Caufe  ;  for  the  Shadow 
on  the  Side  D  flackens  the  Motion  of  the  Globule  M  on 
the  fame  Side  ;  and  the  Rays  which  are  between  IMN 
and  LOP  being  Ifronger  than  the  other,  prefs  upon  the 
Side  Q_of  the  fame  Globule,  and  becaufe  they  move  the 
fame  Way  as  it  turns,  they  quicken  its  Motion  on  this 
Side :  And  on  the  other  Hand,  we  are  affured,  that  the 
Globules  of  the  Ray  GLOP,  have  the  Rotation  which 
they  had  acquired  from  thefe  two  Refractions  hindred  by 
Two  Things.  Firft,  From  the  Shadow  which  hinders 


them  on  that  Side  on  which  they  were  moft  ftrongly 
impelled,  and  retards  their  Motion.  And,  Secondly,  Be¬ 
caufe  they  are  impelled  on  the  other  Side,  by  Rays  that 
are  ftronger,  and  which  imprefs  a  Motion  upon  them, 
contrary  to  that  of  their  Rotation. 

68.  Having  thus  coniidered  the  feveral  Alterations,  and  6S .What  the 
the  Reafons  of  thofe  Alterations  which  may  happen  to  Jfj0fhoje 
the  Rays  of  Light  in  their  Way  to  the  opake  Body  NP  3  ays  are 
we  find,  that  the  Globules  which  fall  near  N  are  turned 
round  with  a  greater  Force ,  than  that  with  which  they  are  fw  '  and  L  " 
moved  on  in  a  Jireight  Line ;  and  on  the  contrary,  that  the  Blue- 
Globules  of  the  Rays  which  fail  near  P,  move  on  in  a  Jab.  v« 
Jireight  Line ,  with  a  greater  Force  than  that  with  which  ig‘ 
they  turn  round  their  Centers.  And  Laftly,  That  their 
intermediate  Rays,  about  X,  have  pretty  near  the  fame 
Force  to  turn  rounds  as  to  move  Jireight  along.  But  by 
Experience  we  find,  that  we  fee  Red  in  N,  Blue  in  ?, 

Yellow  in  X-,  Orange  between  N  an  j  X,  and  Green  be- 
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69.  What 
the  Colours 
of  coloured 
Bodies  con - 
Jijl  in . 


7®.  That  co¬ 
loured  Bo  - 
are  /« 
Jome  mea¬ 
sure  tranf 
parent, 

7  r.  That  the 
l  ur faces  of 
coloured  Bo¬ 
dies  are  made 
rough  by  co  - 
lourinu  them. 


'  7  a.  That  the 
Bart  ides  of 
black  Bodies 
art  snore  bro¬ 
ken  than 
thfe  of  any 
ether  coloured 

Bodies , 


tween  Xiand  P  ;  whence  it  appears  what  the  particular 
Difpofitions  (of  the  Globules  which  compofe  the  Rays  of 
Light  are,  to  excite  in  us  thefe  Senfations. 

69.  Now  there  are  twoThings  in  the  'Objects  (1)  which 
we  call  coloured,  which  may  caufe  the  fame  Modifica¬ 
tions  in  the  Light,  as  thofe  acquired  in  palling  through  a 
Prifm.  For,  Firft,  Their  Particles  may  be  fo  tranfparent, 
that  the  Rays  of  Light  may  penetrate  a  little  way  into 
them,  and  be  refracted,  before  they  are  reflected  :  Se¬ 
condly,  (and  which  may  produce  the  fame  Effedf,  and 
be  the  Caufe  of  the  Colours  of  different  Objects)  Their 
Particles  may  be  fo  fmall  and  uneven,  that  the  Globules 
of  the  Rays  of  Light  which  fall  upon  them,  may  com¬ 
municate  fome  of  their  Motion  to  them,  and  by  that 
Means  they  may  be  turned  round  and  reflected  back,  in 
the  fame  manner  as  a  Ball  thrown  with  great  Force  up¬ 
on  the  Grafs,  is  flopped  a  little  by  the  Spires  and  turned 
round. 

70.  Neither  can  it  be  doubted,  but  that  fome  of  the 
Particles  of  coloured  Bodies  are  really  tranfparent,  as  may 
be  feen  by  the  Help  of  a  Micrcfcope ,  in  all  kinds  of  Sand, 
Flint- flone,  Marble,  Sugar,  Silk,  Wool,  Hair,  Herbs, 
and  an  infinite  number  of  other  Bodies.  . 

71.  And  that  the  Particles  are  very  fmall  and' broken, 
is  evident,  not  only  from  hence,  that  coloured  Bodies  ap¬ 
pear  coloured  when  viewed  all  Ways,  but  is  further  con¬ 
firmed  from  the  manner  in  which  Colours  are  made  by 
the  Dyers.  For,  fince  Brafil-Wood,  Indian-Wood,  In¬ 
dico,  Yellow-Weed,  &c.  will  not  tindture  any  Thing- 
with  a  red,  violet,  blue,  yellow,  &c.  Colour,  unlefs  there 
be  fome  Alium  mixed  with  them,  we  muft  conclude,  that 
this  penetrating  corrofive  Body  infinuates  itfelf  into  the 
Pores  of  the  Cloth,  and  dilates  them ;  whereby  there  is 
Room  made  for  the  Water  to  enter  tindfured  with  the 
feveral  Colours,  which  fink  into  the  Cloth  in  fuch  a  man¬ 
ner,  as  to  leave  fome. on  the  Superficies,  which  caufes  a 
kind  of  Roughnefs,  and  makes  it  capable  of  all  the  diffe¬ 
rent  Modifications  of  Light. 

72.  After  what  has  been  faid  concerning  Dying ,  it  is 
neceflary  to  make  one  particular  Obfervation  about  Black  ; 
and  that  is,  that  becaufe  the  Roughnefs,  in  which  this. 
Colour  confifts,  muft  be  the  greateft  that  can  be,  to  ex- 
tinguifh  all  the  Rays  ;  therefore  in  dying  Cloth  of  a  Black 
Colour,  Alluni  and  Nut-galls  are  not  fufficient  alone  ; 


(1)  Which  wt  call  coloured}  See  abovfc  Art,  5.*, 
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but  there  muft  be  Vitriol  inftead  of  Allum,  which  is  more 
corrofive  than  Allum;  and  further,  to  make  the  Vitriol 
corrode  the  more,  they  put  the  Cloths  to  be  dyed  into 
the  Copper,  and  leave  them  for  fome  time  in  the  boiling 
Liquor ;  whereas  in  dying  of  other  Colours,  they  only 
dip  the  Cloth  feveral  times  into  the  Liquor,  which  is  but 
juft  warm. 

73.  Since  the  Particles  of  black  Bodies  are  the  moft  73*  Why 
uneven,  it  is  eafy  to  imagine,  that  Cloths  and  other  Stuffs  black  cloth 
of  this  Colour  muff;  tear  and  wear  fooner  than  thofe  of  7han  oth!ru 
any  other  Colour. 

74.  Further,  if  we  confider,  that  the  darkeft  Colours  74-*  Why 
require  that  the  Particles  fhould  be  the  fmalleft  that  can  ^/°l7cfiours 
be ;  it  is  evident,  that  we  may  eafily  make  a  light  Piece  Jm  dye  0} 
of  Cloth  of  a  dark  Colour,  becaufe  ft  requires  only  to  darker  Co~ 
have  its  Superficies  made  rough  ;  but  becaufe  it  is  very  ^[‘contrar** 
difficult  to  make  it  fmooth  again  ;  therefore  Cloth  of  a 

dark  Colour,  can  very  hardly  be  dyed  of  a  lighter. 

75.  Now,  when  I  fpeak  of  the  Particles  of  coloured  75.  It  is  not 
Bodies,  I  mean  only  the  very  fmalleft  of  all ;  many  Hun-  "'hJt^bin 
dreds  of  which  may  be  united  together  differently,  in  or-  7/ the  fame 
der  to  compofe  groffer  Parts  which  may  be  of  very  dif-  Colour fhould 
ferent  Figures,  in  the  fame  manner  as  different  Buildings  braWr\ 
may  be  formed  of  Bricks,  which  are  all  alike.  Thus  we^**”*  ^  ' 
know,  that  coloured  Bodies  a<ft  upon  the  Eyes  by  their 
fmalleji  Particles,  and  upon  the  Tongue  by  thofe  which 

are  larger ,  and  compofed  of  the  other ;  whence  we  con¬ 
clude,  that  T hings  of  the  fame  Colour  have  not  neceffarily 
the  fame  Tafle. 

76.  Since  there  are  two  Sorts  of  Particles  in  the  fame  7 6.  By  *1- 
Bodies,  this  fhows  us,  that  if  we  make  any  Alteration  in  \eringl!b^ 
the  fmaller  Sort,  the  Colour  muff:  be  changed  1  i ke wi fe.  dicufof  /Jy 
And  fo  we  experience  it  in  Herbs  bruifed  in  a  Mortar  ;  Body  .tbeCo- 
and  in  Colours  which  Painters  grind  upon  a  Stone,  fuch  Iour's  a!~ 
as  Vermillion  and  Orpiment.  But  if  the  Body  be  fuch, 

that  the  fmalleft  Particles  of  it  cannot  be  altered,  neither 
can  the  Colour  be  changed  ;  as  we  fee  in  fome  Paints, 
which  are  not  fo  eafy  to  be  altered  as  thofe  mentioned  ; 
efpecially  as  Herbs,  whofe  Particles  have  before  a  proper 
Motion  of  their  own,  as  being  in  fome  meafure  liquid, 
which  helps  to  dafti  them  again  ft  each  other,  and  to  fe- 
parate  them  into  fmaller  Particles  than  they  would  other- 
wife  be. 


Q  3 
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77.  How  a  7  7.  From  what  has  been  faid  concerning  coloured  Bo- 
"ou^btto'ap  dies,  an(l  particularly  concerning  a  white  Body ;  we  may 
pear,  which  infer,  that  if  there  fall  no  other  Rays  of  Light  upon  a 
rceiw  white  Body,  but  thofe  that  are  caft  upon  it  by  another 

Ry  modified.  Body  which  has  already  modified  them,  the  Rays  will 
not  be  altered  at  all  by  the  white  Body,  but  reflect¬ 
ed  back  to  the  Eve  with  the  fame  Modification  ;  fo 
that  the  Body  inffead  of  appearing  White,  will  appear 
of  the  Colour  of  that  Body  from  which  it  received  the 
Rays. 

72.  A  curi.  yg.  We  may  be  convinced  of  this  by  a  very  curious 
°mnfX^ri~  Experiment,  which  it  is  not  very  difficult  to  make.  The 
Way  of  doing  it  is  this.  Let  all  the  Windows  of  the 
Room  be  lhut  up  clofe,  except  a  very  fmall  Hole,  thro* 
which  the  Rays  ‘refledfed  from  the  ObjeCts  on  the  out- 
fid  e,  may  enter  in  ;  then  let  the  Rays  fall  upon  a  white 
Cloth,  or  any  other  white  Body, and  it  is  pleafant  to  fee  the 
different  Colours  of  the  ObjeCfs  which  are  painted  upon  it. 
79  Why  the  79»  This  Experiment  perhaps  may  raife  a  Difficulty  in 
Athens  of  the  Minds  or  fome,  who  may  imagine,  that  different 
rrnf~  and  differently  modified,  paffing  through  the  fame 

mittedthro'  Hole,  muff  hinder  one  another,  and  confound  their  re-^ 
one  and  the  fpedfive  Adlions  :  But  it  will  not  be  hard  to  get  clear  of 
^donotdeftro  Difficulty,  if  they  confider  in  the  firft  Place,  the  vaft 
each  other's  number  of  Pores  that  there  is  in  the  leaft  Quantity  of 
Bffe&s,  Air,  or  of  any  other  tranfparent  Body,  which  afford  a 
Paffage  for  an  infinite  number  of  Rays,  if  I  may  fo 
fpeak,  without  difturbing  one  another.  But  that  which 
.  is  principally  to  be  confidered,  and  which  takes  away 

the  Difficulty  intirely,  is,  that  the  Light,  or  the  Co¬ 

lours,  do  not  confift  fo  much  .in  actual  Motion,  as  in 
a  Tendency  to  Motion,  or  a  PrefTure.  Now  it  is  eafy 
to  apprehend,  that  an  infinite  number  of  thefe  fort  of 
A  (ft  ions,  different  from  each  other,  may  be  tranfmitted 
through  the  fame  Point  without  confounding  one  ano- 
Tak  v  ther.  For  inftance,  fuppofe  a  Force  equal  to  a  hundred 

iig- 4**  Pound  Weight,  applied  to  the  Point  A,  of  the  {freight 

Line  AB,  pufhing  it  towards  B,  where  we  fuppofe  alfo, 
that  there  is  a  Body  able  to  refift  this  Force.  The  Line 
A.B  could  not  move  at  all  according  to  the  Direction  of 
AB,  much  left  can  it  bend  towards  C  or  D,  becaufe 
it  is  {freight ;  but  the  leaft  Force  that  can  be,  will  bend 
it  towards  any  Side  whatfoever.  Thus  if  any  Force  in  C 
^pufhes  it  by  E  towards  D,  if  it  be  but  the  Force  of 
one  Pound,  it  will  bend  it  towards  D  :  But  if  we  fuppofe 
another  Force  in  D  which  can  refift  that  of  a  Pound, 

this 
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this  will  hinder  the  Line  AB  from  bending  ;  fo  that  the 
Force  which  is  at  A,  ftiall  tranfmit  its  Adfion  whole  and 
entire  to  B,  without  being  difturbed  by  the  Force  which 
is  at  C :  And  the  Force  which  is  at  C  ftiall  tranfmit  its 
Action  to  D,  without  the  leaft  hindring  the  Continuance 
of  the  Adlion  along  AB.  So  likewife  we  may  imagine 
a  Force  at  F  equal  to  five  Pounds  adting  upon  a  Body 
at  G.  The  fame  Point  E  therefore  may  ferve  to  tranf¬ 
mit  as  many  Actions  as  we  will,  without  at  all  confound¬ 
ing  them. 

80.  After  what  I  have  already  faid  :  I  have  but  one  80 .TbatCe- 
Thing  more  to  remark  concerning  the  Diftindfion  that  is 
ufually  made  of  Colours  ;  viz.  that  fome  of  them  are  tinguijhed 
true  or  real  Colours,  fuch  as  thofe  of  Tapiftry,  and  o-  int0  true  and 
thers  falfe  or  feeming  Colours  only,  fuch  as  thofe  feen ^HilfpaLnt 
through  a  Glafs  Prifm.  But  I  don’t  fee  any  Foundation  for  Cslours . 
this  Diftindtion,  becaufe  the  Reality  is  juft  the  fame  in 

each  of  them  :  For  if  the  Senfation  of  Colour  which  we 
have  upon  viewing  a  Piece  of  Tapiftry  be  real  ;  that 
which  we  have  in  looking  through  a  Prifm  is  as  real  5  for 
the  Prifm  is  as  real  a  T hing  as  the  T apiftry.  And  in¬ 
deed  it  is  the  fame  Light  which  caufes  us  to  perceive 
the  Colours  through  the  Prifm ,  as  caufes  us  to  perceive 
the  other. 

81.  If  any  one,  in  order  to  fupport  that  Diftindlion  of  81.  That™ 
Colours  which  we  have  juft  now  rejedled,  replies  ;  that  “fflflfl 
there  is  at  leaft  fome  falfe  Appearance  in  looking  through  o/aflCo- 

a  Prifm,  becaufe  we  apply  the  Colours  that  we  fee,  to  lours . 
Objedfs  where  they  are  not :  To  this  I  anfwer,  that  the 
Fault  is  not  in  our  Sight,  but  only  in  the  Judgement 
which  we  make  afterwards.  And  if  this  were  fufficient 
to  conclude,  that  thefe  are  falfe  Colours  ;  we'  may 
for  the  fame  Reafon  fay ,  that  all  other  Colours  are 
falfe  likewife,  becaufe  we  equally  falfely  refer  the  Sen- 
fations  which  are  caufed  in  us  by  them,  to  the  coloured 
Objects. 

82.  Nor  have  they  fucceeded  any  better,  who  owning  82.  That 
all  Colours  to  be  equally  real,  have  yet.  diftinguifhed  them  tber*  ’*  atr 

_  ,  t/7*  •  •  1  *tvt  r  ?  .  .  1  r  lit  tit 

into  fixed  and  flying  ;  giving  the  Name  fixed  to  thole  fir  dl^ 
which  the  other  called  real ;  and  the  Name  flying  to  thofe  guijhing  c«- 
which  the  other  called  falfe  :  For  if  the  Eye  continue  ne- 
ver  fo  long  applied  to  the  Prifin ,  and  during  that  Time 
the  Light  intervene  in  the  fame  manner,  we  ftiall  always 
fee  the  fame  Colours  ;  fo  that  thefe  are  no  lefs  fixed  and 
durable,  than  thofe  of  a  Piece  of  Tapiftry. 


0.4 
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83.  T.hat  All  the  Difference  that  is  to  be  found  in  the  Ob- 

DmrXatFte that  raife  in  us  any  Senfation  of  Colour,  is  only  this; 
ail  between  that  feme  of  them,  fuch  as  the  Prifm.y  feem  to  require 
the  one  and  ^hat  the  Eye  fhould  be  fixed  in  a  certain  Place,  out  of 
the  other .  ^ich  there  is  nothing  to  be  feen  ;  whereas  others,  fuch 
as  Tapiftry,  appear  of  the  fame  Colour,  which  way  fo 
ever  they  are  looked  upon.  However,  if  we  confider  the 
Matter  "a  little  more  clofely,  it  is  certain,  that  the  Prifm, 
and  the  Tapiftry,  agree  in  this  :  that  the  fame  Parts  of  the 
Tapiftry  which  reflett  the  Light  to  the  Eye  when  it  is 
in  any  certain  Place,  does  not  reflect  the  fame  to  it, 
when  it  is  removed  ever  fo  little  out  of  that  Place  ; 
and  the  only  Reafon  why  we  perceive  the  fame  Colour 
when  we  change  our  Place  is,  becaufe  inftead  of  thefe 
Parts,  thofe  Parts  that  are  next  to  them,  and  which  are 
exactly  like  them,  reflect  the  Light  in  the  fame  manner. 
If  therefore  the  Eye  were  fixed  in  one  certain  Pofition, 
from  whence  it  fhould  fee  fo/ne  particular  Places  of  the 
Tapiftry  of  fome  particular  Colours,  and  God  fhould 
annihilate  all  the  other  Parts  of  the  Tapiftry,  fo  that 
they  could  not  at  all  refletft  any  Light  in  the  Place 
where  the  Eye  is,  it  would  continue  to  fee  the  fame  Co¬ 
lours  ;  but  if  it- fhould  change  its  Place,  they  would  im¬ 
mediately  difappear. 

$4.  Of  the  §4-  This  being  well  underftood,  there  will  be  no  great 
Nature  of  Difficulty  in  explaining  thofe  Colours  which  we  call 
CQiouis.ble  Changeable ,  fuch  as  we  obferve  in  a  Duck's  Neck,  or  in 
a  Pidgeon,  or  in  a  Peacock’s  Tail :  For  it  is  eafie  to  con? 
ceive,  that  the  Parts  of  thefe  Bodies  are  placed  in  fuch 
order,  that  thofe  of  them  which  are  proper  to  modify 
the  Light  after  one  particular  manner,  are  difpofed  to  re- 
fledl  it  to  one  certain  Place ;  and  thofe  that  modify  it 
in  another  manner,  refle&  it  to  another  Place.  Thus 
if  the  Eye  be  in  the  Place  where  the  Rays  come, 
which  caufe  the  Senfation  of  Red  in  us,  then  the  Ob¬ 
ject  appears  Red,  and  if  it  be  placed  where  the  Rays 
which  caufe  Yellow  are  reflected,  the  Object  appears 
.  Yellow. 

A  Com _  This  is  confirmed  from  hence  ;  thatWorkmen  have 

pari  fin  of  foun(j  out  a  Way  to  make  Stuffs  of  a  changeable  Colour, 
ci/TUJ'tb  by  making  the  JVarp  of  a  Light  Colour,  and  the  Striking 
ibmgi  made  q£  a  Colour  not  quite  fo  Light :  But  what  moft  refem- 


by  Art, 


bles  the  Qbjedls  to  which  we  aferibe  thefe  changeable 
Colours,  are  thofe  channeled  Tables  which  reprefent 
different  Sorts  of  Things,  according  as  they  are  viewed 
from  different  Places  :  For  one  of  thefe  Tables,  when 

it 
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it  is  looked  dire&ly  upon,  reprefents  a  Ccefar's  Face  ; 
when  looked  upon  on  the  Right  Side,  it  reprefents  a  Cat, 
and  on  the  Left  Side  a  Skeleton.  Thus,  as  they  ar.e 
different  Parts  of  the  T able  which  make  thefe  different 
Representations,  fo  likewife  are  they  different  Parts  of  the 
Pidgeon  which  caufe  us  to  fee  different  Colours. 

86.  If  after  what  has  been  laid  concerning  the  Nature 
and  Properties  of  Light  and  Colours,  there  remains  any 
further  Difficulty,  it  will  be  folved  afterwards,  wdien  we 
have  particularly  examined  the  Nature  of  Vifion :  And 
this  is  what  I  fhall  proceed  to ;  which  1  the  more  rea¬ 
dily  do,  becaufe  the  following  Parts  of  this  T reatife  of 
Natural  Philofophy,  depend  in  fome  meafure,  upon  Ob- 
fervations  made  by  the  Help  thereof,  fo  that  it  is  necef- 
fary  to  know  all  the  Circumftances  of  this  Sort  of  Sen- 
fation,  which  is  the  moft  wonderful  of  any  that  we  are 
poffeffed  of :  I  fhall  begin  with  a  Defcription  of  the  Eye, 
and  to  avoid  Tedioufnefs,  I  fhall  mention  only  thofe 
T hings  which  belong  particularly  to  this  Subjedt. 

CHAP.  XXVIII. 

A  Defcription  of  the  E  T  E. 

WH I  L  S  T  the  Eye  is  inclofed  in  the  Head  of  any 
Animal,  the  Bones  which  furround  it,  hinder  us 
from  feeing  what  Figure  it  is  of;  but  when  it  is  taken 
out,  we  find  it  is  round,  and  fuch  as  is  reprefented  in  the 
Figure  ABCDEF,  FABC  is  the  fore-part  of  it,  or 
that  which  flicks  out ;  CDEF  that  part  which  is  inclofed 
in  the  hollow  Bone  of  the  Head. 

2.  AB  is  a  tranfparent  Part  of  that  particular  Coat  of 
the  Eye  which  is-  called  the  Tunica  Cornea. 

3.  BCDEFA  is  the  reft  of  this  Covering,  the  Parts  of 
which  that  are  next  to  A  and  B,  are  called  the  JVhite  of 
the  Eye. 

4}  AILB  is  the  Tunica  Uvefi,  in  which  there  is  a  Hole 
IL  which  is  called  the  Pupil. 

MN,  MN,  are  certain  black  Filaments,  which  are 
called  the  Ciliary  Ligaments ;  there  is  a  certain  foft  and 
tranfparent  Body  called  the  Chryfl alline  Humour  which  is 
fufpended  upon  them. 

6.  The  Space  QQC^  is  filled  with  a  tranfparent  Li¬ 
quor,  which  is  very  fluid  like  Water,  and  for  thatReafonis 
called  the  Aqueous  Humour .  7.  NONP 
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j.  Of  tie  7.  NONP  is  a  tranfparent  Body  of  the  Figure  of  a 
Humour!”6  Lens,  a  little  more  convex  on  the  Superficies  NPN  than 
on  NON,  which,  becaufe  it  is  a  little  hard,  is  called 
the  Chryjialline  Humour. 

8.  Of  tie  8.  The  reft  of  the  Cavity  of  the  Eye  RRR  is  filled 

Humour  a  ^my  Matter,  almoft  like  the  White  of  an  Egg, 

1  which  is  more  tranfparent  than  either  the  Aqueous  or  the 
Cryftalline  Humour,  and  is  of  middle  Confiftency  betwixt 
them,  (  for  it  can  eafier  be  comprefled  than  the  Chryftal- 
line$  and  yet  it  is  not  fo  fluid  as  the  Aqueous  Humour ; ) 
and  this  is  called  the  Vitreous  Humour. 

9.  Of  the  9.  DEGH  is  a  Part  of  the  Optick  Nerve ,  whofe  Ca- 
Optick  pillaments  TS,  beginning  in  the  Brain,  and  reaching  to 

thTte tina?  the  Eye>  form  at  the  Bottom  of  it  a  curious  Piece  of 
Net- work  which  Phyficians  call  the  Retina. 

10.  That  10.  I  purpofely  forbear  mentioning  the  Number  and 

°^^ames  °f  t^ie  foyeral  Coats  with  which  the  Eye  is  co- 
\lack.6  1  vered,  becaufe  they  are  not  of  any  particular  Ufe  in  ex¬ 
plaining  the  Nature  of  Vifion  ;  but  I  muft  not  omit  to 
take  notice,  that  the  Superficies  of  thefe  Coats  are  all 
Black  in  thofe  Places  which  are  over-againft  the  Bottom 
of  the  Eye. 

11.  Of  the  1 1.  The  whole  Body  of  the  Eye  is  encom palled  with 

Mufcles ,  four  of  which  are  called  Right,  and  the  o- 
ther  two  Oblique.  Every  Nerve,  which  is  thought  to  be 
the  Original  of  the  feveral  Right  Mufcles ,  is  derived  im¬ 
mediately  from  the  Brain,  from  whence  it  comes  along 
through  a  little  Hole  in  the  Bone  of  the  Head,  and  di¬ 
vides  it  felf  into  thefe  Mufcles,  every  one  of  which  is  in- 
ferted  into  fome  Part  of  the  Coat  of  the  Eye,  fuch  as 
that  here  marked  F,  in  fuch  a  manner,  that  of  thefe  four 
Mufcles,  the  Firft  is  above,  the  Second  below,  and  the 
other  Two  on  each  Side  this  Coat.  And  as  the  oblique 
Mufcles  have  their  Origin  alfo  in  the  Brain,  their  Nerves 
are  bent  round,  fo  that  they  feem  to*  come  from  that 
Corner  of  the  Eye  which  is  next  the  Ear,  and  one  of 
them  fpreads  over  the  Top,  and  the  other  along  the 
Bottom  of  the  Eye,  and  fo  crofs  the  four  right  Mufcles, 
and  then  are  inferted  into  the  Bone  of  the  Nofe. 

Tu.  The  Ufe  I2*  There  is  no  one  Mufcle  in  the  whole  Body,  but 
*f  tbe  Muf  what  is  fometimes  filled  with  a  certain  Liquid  like  very 
fyf  tbe  thin  and  fine  Air,  which  comes  to  it  from  the  Brain  along 
the  Nerve  which  belongs  to  it.  This  Liquid  is  what  Phy¬ 
ficians  call  the  Animal  Spirits ,  which  cannot  fwell  the 
Mufcle  without  Ihortning  it  or  leflening  the  Length  be¬ 
twixt 
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twixt  the  Origin  and  the  Place  into  which  it  is  inferted. 

Thus  when  the  right  Mufcle  which  is  above,  is  filled 
with  Spirits*  the  Eye  muft  neceflarily  be  lifted  up,  and 
when  the  Three  other  right  Mufcles  are  filled  in  their 
Turns,  they  ferve  either  to  turn  the  Eye  downwards,  or 
to  the  P  ight,  or  to  the  Left  Side.  But  what  is  very 
remarkable  here,  is,  that  if  thefe  four  Mufcles  be  filled 
all  at  the  fame  time,  they  will  alter  the  Figure  of  the 
Eye  a  little,  and  make  it  flatter  than  it  was  before.  But 
as  to  the  oblique  Mufcles,  I  am  not  of  the  fame  Opi¬ 
nion  with  thofe  Phyficians  who  fay  that  they  ferve  to 
turn  the  Eye  round  like  a  Pulley  :  I  rather  think,  that 
they  are  filled  both  together  with  Spirits,  and  by  that 
Means  fhortned,  and  fo  they  prefs  upon  the  Eye  and  al¬ 
ter  its  Figure,  in  fuch  a  manner,  that  the  fore-part  of 
it  is  made  more  gibbous,  and  the  hinder-part  funk  a  little 
deeper  in ;  and  this  makes  a  greater  Diftance  between 
the  Chryftalline  Humour  and  the  Retina. 

13.  To  thefe  Alterations  of  the  Eye  we  may  add,  that  1  i.Tbattbe 
the  Pupil  is  capable  of  dilating  and  contracting  it  felf. 

And  thus  we  find,  that  it  dilates  it  felf,  when  we  are  in  Fing  Maud. 
Places  where  there  is  but  a  little  Light,  and  when  we 
try  to  look  at  a  great  Diftance  ;  and  on  the  other  Hand, 
it  contracts  it  felf  when  we  are  in  a  very  light  Place,  or 
look  at  an  ObjeCt  very  near. 

14.  Laftly,  we  may  obferve,  that  if  the  two  Optick  14.  oj  the 
Nerves  be  purfued  to  the  Origin  of  them,  we  ftiall  find,  *%££%** 
that  after  they  come  into  the  Skull,  they  approach  nearer 

and  nearer  to  each  other,  till  at  laft  their  Coats  are  mixed 
together,  and  they  become  one  and  the  fame;  but  after¬ 
wards  they  are  feparated  again,  and  then  enter  into  the 
very  Subftance  of  the  Brain,  after  which  we  fee  them  no 
more.  Wherefore  to  add  any  Thing  farther  about  this 
Matter,  would  have  no  Similitude  of  Truth,  unlefs  k 
were  to  account  for  certain  Phaenomena  which  otherwife 
could  not  pofiibly  be  explained. 


CHAP. 
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CHAP.  XXIX. 

How  Vifion  is  commonly  explained . 

A  RISTO  TLE  has  fa.id  nothing  in  particular  as  to 
**  the  manner  how  Vifion  is  performed  ;  for  though  the 
Title  of  the  Seventh  Chapter  of  his  Second  Book  of  the 
Soul ,  concerning  Vifion ,  feems  to  promife  treating  of  this 
Matter  fully  5  yet  he  fays  nothing  more  of  it,  but  only 
this  ;  that  the  Object  muft  aft  upon  the  Medium  in  order 
to  have  its  Aftion  tranfmitted  to  the  Organ  of  Sight. 
It  is  true  indeed,  that  he  fays  further  in  the  Twelfth 
Chapter  of  the  fame  Book  ;  that  in  every  Senfation  we 
receive  the  Images  of  the  Things,  but  not  the  Mat¬ 
ter*  in  the  fame  manner  as  Wax  receives  the  Impreffion 
of  the  Seal,  without  retaining  any  part  of  the  Seal  it  felf ; 
but  here  likewife,  what  he  fays  is  as  general  and  loofe,  as 
what  he  faid  in  the  forecited  Place  ;  and  the  Compan¬ 
ion  which  he  makes,  does  not  at  all  fhow  us  how  fo 
great  a  Number  of  Parts  of  which  the  Qbjeft  is  compo- 
fed,  can  be  diftinftly  perceived  at  the  fame  Time,  nor 
how  we  can  know  the  Situation,  Diftance,  Bignefs,  Fi¬ 
gure,  Number,  Motion  or  Reft  of  the  Objects  which 
are  in  our  View. 

2.  The  Followers  of  Arifiotle  faw  plainly,  that  he  fell 
very  much  fhort  of  teaching  what  one  would  wifti  to 
know  upon  this  Subjeft  ;  and  this  has  put  them  upon 
trying  to  find  how  this  Doftrine  was  to  be  underftood. 
Thus  taking  the  Word  Image ,  which  he  fpeaks  of  in  the 
forecited  Place,  in  the  literal  Senfe  ;  they  affirm,  that  the 
v.ifible  Objeft  imprefles  an  Image  upon  the  Air  which 
furrounds  it  5  that  this  Image  imprefles  another  a  little 
lefs'upon  the  Air  beyond  it,  and  this  imprefles  a  Third, 
a  little  lefs  ftill,  and  fo  they  go  on  till  there  is  one  im-r 
prefled  on  the  Chryftalline  Humour  of  the  Eye,  which 
they  pretend  is  the  principal  Organ  of  Vifion,  or  that 
Part  of  the  Body  which  the  Soul  makes  immediate  ufe 
of  to  caufe  'Senfation.  Thefe  are  what  they  call  intent 
tional  Images  or  Species ;  and  in  order  to  explain  their 
Manner  of  Produftion,  they  fay,  that  the  Objefts  caufe 
them  in  the  fame  manner,  as  our  own  Image  is  produced 
in  a  Looking- Glafs. 


3.  From 
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3.  From  what  has  been  already  faid,  it  fufficiently  ap-  3«  That  the 
pears,  that  I  agree  with  Arijlotle  himfelf ;  but  I  can  by  Arif^teli* 
no  Means  come  in  with  his  Followers  in  this  Thing  of  'fu  explain* 
their  intentional  Species ,  the  Nature  of  which  feems  to  me  the  Nature 
inconceivable,  and  has  all  along  put  their  Underftandinss  tbT  , 
upon  the  Rack.  And  it  is  a  mere  bophiim  to  pretend  to  Species, 
eftablifh  their  Opinion  upon  the  Inftance  of  a  Looking- 

Glafs,  becaufe  reflected  Images  are  harder  to  be  explained 
than  diredt. 

4.  There  is  no  need  of  mentioning  all  the  Abfurdities  *  TfaAb* 
confequent  hereupon,  in  order  to  fhow  that  there  is  no ^ 
fuch  Thing  as  intentional  Species.  It  fhall  fuffice  only  to  *  ^  ?eCieS 
obferve  ;  that  if  They  are  diminifhed  in  the  manner  they 

fay,  it  will  follow,  that  when  an  Objedt  is  feen  at  ten 
Yards  diftance,  the  Species  qf  it  is  only  as  little  again,  as 
when  it  is  feen  at  five  Yards  diftance ;  that  is,  an  Objedt 
of  fix  Foot  in  Length  in  the  one  Cafe,  will  appear  of 
three  Foot  in  Length  in  the  other  Cafe.  Wherefore  if 
the  Eye  and  the  Object  be  within  five  Yards  of  each  other, 
it  can  receive  but  a  very  fmall  Part  of  fuch  a  Species ,  and 
confequently  we  could  fee  but  a  very  fmall  Part  of  the 
Objedt ;  but  this  is  contrary  to  all  Experience,  for  we 
can  fee  fuch  an  Objedt  intire  at  fuch  a  Diftance,  nay,  at 
a  much  lefs.  If  they  fay,  that  thefe  Species  diminifh  o- 
therwife  when  the  Eye  is  nearer  to  them,  than  when  it 
is  further  off ;  they  muft  allow  then,  that  a  Thing  ina¬ 
nimate,  and  which  ads  neceffarily,  has  however  Under- 
ftanding  enough  to  proportion  its  Adtion  fo  as  to  per¬ 
form  the  fame  Thing  at  different  Diftances.  Which 
being  abfurd,  it  follows,  that  the  Foundation  upon 
which  their  Species  is  eftablifhed,  is  abfurd  alfo. 

5.  It  is  not  only  without  Reafon,  but  contrary  to  Rea-  5.  Wat  vi- 
fon,  to  affirm,  that  Vifion  is  perfected  in  the  Chry ft  alline  Pon  il  not  . 
Humour ,  and  that  the  Vitreous  Humour  behind  it,  is  offtf  chryf-” 
the  fame  Ufe  as  the  Quickfilver  behind  a  Looking-Glafs,  alline  Hu,- 
viz.  to  terminate  the  Adtion  of  the  vilible  Objedt  :  For  mour* 
doubtlefs  the  Object  ought  to  continue  its  Adtion  thro’ 

the  Vitreous  Humour,  which  being  one  of  the  moft 
tranfparent  Things  that  we  know  of  in  the  World,  can¬ 
not  reafonably  be  compared  to  Quickfilver,  which  is  very 
opake.  To  this  we  may  add,  that  fince  the  Chryftalline 
Humour  is  found  in  both  Eyes,  and  two  Species  are 
formed  by  it  at  the  fame  Time,  if  That  were  the  prim 
cipal  Organ  of  Vifion,  it  would  follow,  that  we  muft 
always  fee  the  Object  double,  when  we  look  upon  it  with 
both  Eyes  at  once, 

6.  This 
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6.  Neither  6.  This  laft  Reafon  fliows  aifo  how  falfe  the  Opinion 
is  it  per-  0£  porne  Philofophers  is,  who  affirm  the  Retina  to  be  the 

formed  tn  V  ’ 

the  Retina,  principal  Organ  of  Vijion . 

7.  ibat  it  7.  As  to  the- Opinion  of  thofe  who  contend  that  this 
'formcTin  Senfation  anfes  from  hence,  that  the  Action  of  the  OhjeEl 
the* Pi  ace,  is  carried  to  the  Place  where  the  Optick  Nerves  meet  5  this 
•where  the  is  confuted  by  the  Experience  of  Anatomijls ,  who  have 
Optick  found  thefe  Nerves  feparated  in  the  dead  Bodies  of  fome 

Men,  who,  when  they  were  alive,  faw  Things  in  the 


fame  manner  as  others  do. 


CHAP.  XXX. 

• 

Of  the  PaJJage  of  the  Light  through  the  Humours 

of  the  Eye . 

v  How  the  T  Think  that  moil  of  thofe  who  have  endeavoured  to 
antientPbi •'  explain  the  Nature  of  Vifion,  have  run  into  great 
loppben  Miftakes,  principally  from  hence,  becaufe  they  attemp- 
Cvnftaktn  ted  to°  many  Things  at  a  Time,  and  did  not  obferve 
upon  tbit  any  Method  or  Order :  Their  Miftake  will  be  a  Help  to 
Sublet  of  us^  Up0n  obferving,  that  Vifion  is  a  Confequence  of 
the  Action  of  the  Object  upon  both  the  external  and  in¬ 
ternal  Organs ;  we,  in  the  fir  ft  Place,  inquire,  how  the 
Rays  of  Light ,  which  are  the  Means  by  which  any  Objects 
■  are  feen ,  arc  received  by  the  Humours  of  the  Eye. 
a.  That  it  2.  Let  us  fuppofe,  for  Inftance,  Z  to  be  the  Eye,  and 
it  fiijficient  ABC  the  Objedt  ;  there  is  no  doubt,  but  that  every 
*w\0n[ome  P°int5  that  is,  every  the  fmalleft  vifible  Part  of  this 
few  of  thofe]  Object,  fends  forth  Rays  all  Ways  through  the  Air,  to 
many  Rays  every  Place  where  it  can  be  feen  ;  but  becaufe  thofe 
''fromewry  onty  which  pafs  through  the  Pupil  are  of  any  ufe  to 
Point  of  an  caufe  Vifion,  we  will  examine  thofe  only  which  fall  up* 
objeEi.  pn  that  part  0f  the  Tunica  Cornea  which  anfwers  diredt- 
Tab.  VI.  jy  tQ  the  pUpii  ;  Thus,  in  order  to  examine  the  Adfion 
of  the  Point  B,  it  is  fufficient  to  confider  fome  few  of 
the  Rays  which  come  from  this  Point,  fuch  as  BD,  BE, 
BF. 

3  That  f  me  3.  Now  becaufe  the  Ray  BD  is  perpendicular  to  the 
^Htb?9*  Superficies EDF,  it  will  not  be  at  all  refra&ed  in  paffing 
Bottom  0f  out  of  the  Air  into  the  aqueous  Humour,  wherefore  it 
the  Eye  will  continue  on  in  a  ftreight  Line  to  H,  where  falling 
7$%?  2 gain  perpendicularly  upon  the  Superficies  of  the  Chryf- 
a:  ait.  *  .  '  v  •  talline 
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talline  Humour,  it  muft  go  on  ftill  diredtly  to  M  ;  and 
here  falling  again  likewife  perpendicularly  upon  the  Su¬ 
perficies  of  the  Vitreous  Humour,  it  muft  go  diredtly  to 
the  Point  O  in  the  Bottom  of  the  Eye. 

4.  But  the  Ray  BE  not  falling  perpendicular  upon  the 
Superficies  EDF,  where  it  is  to  pafs  out  of  Air  into 
Water,  it  ought  to  be  refradfed,  and  to  go  towards  the 
Perpendicular  EP,  and  confequently  it  will  tend  to  fome 
Point  of  the  Superficies  of  the  Chryftalline  Humour,  fup- 
pofe  G,  which  is  fomewhat  nearer  H,  than  it  would  be 
without  fuch  RefradHon  :  Again,  the  Ray  EG  likewife, 
not  being  perpendicular  to  the  Superficies  GHI,  through 
which  it  is  to  pafs  out  of  the  Aqueous  Humour  into  a 
denfer  Medium ,  it  ought  to  be  refradted  again,  and  go 
towards  the  Perpendicular  GR,  and  confequently  to  ar¬ 
rive  at  fome  Point  of  the  Vitreous  Humour, as  L,  which  is 
nearer  to  M  than  if  there  had  been  no  Second  RefradHon: 
Laftly,  Becaufe  the  Ray  GL  is  alfo  inclined  to  the  Su¬ 
perficies  LMN,  through  which  it  is  to  pafs  from  a  denfe 
Medium  to  one  that  is  much  rarer,  it  muft  be  refradfedr 
and  go  from  the  Perpendicular  LT,  the  Pofitionof  which 
is  fuch,  you  fee,  that  the  Ray,  by  going  from  the  Per¬ 
pendicular,  approaches  towards  the  Ray  BDO ;  and  we 
may  conceive  it  refradted  in  fuch  a  manner,  that  it  fhall 
go  to  the  fame  Point  that  the  Ray  BDO  went  to,  that 
is,  to  the  Point  O.  So  likewife  if  we  confider  the  Ray 
BF,  we  fhall  find  that  the  Refradfions  will  carry  it  from 
F  to  I,  and  from  I  to  N,  and  that  at  laft  it  will  meet 
the  other  Two  at  O.  And  fince  the  Rays  which  fall 
betwixt  BE  and  BF,  are  not  quite  fo  much  refradted  as 
they  themfelves  are,  it  is  evident,  that  they  cannot  do 
otherwife  than  meet  all  together  in  the  fame  Point  O. 
Thus  we  fee,  that  the  Point  B  adfsupon  the  Bottom  of 
the  Eye,  in  the  fame  manner,  as  if  the  Pupil  were  of 
no  Breadth,  and  as  if  there  were  to  come  but  one  Ray 
with  a  Force  equal  to  the  Forces  of  all  them  .that  are 
contained  between  BE  and  BF. 

5.  Now  if  we  confider  the  Rays  which  come  from  any 
other  Point  of  the  Objedt,  as  from  A,  we  fhall  find,  that 
all  thofe  which  enter  into  the  Eye,  will  be  refradted 
in  fuch  a  Manner,  as  almoft  to  meet  all  together  in 
the  fame  Point  X.  And  fo  likewife  thofe  Rays  which 
come  from  any  other  Point  between  A  and  B  ,  will 
meet  very  near  together  in  fome  Point  of  the  Bottom 
of  the  Eye  between  X  and  O.  So  that  we  may  affirm 
in  general,  That  every  Point  of  the  Object,  aids  very 

2  • 
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6.  That  tie 
Rays  which 
come  from 
fome  Points } 
do  not  re¬ 
unite  Jo  ex - 
aiily  as 
tboje  which 
come  from 
fome  other 
Points. 

7.  That  if 
the  Eye  could 
no  way  be 
altered,  the 
RefraRions 
could  not  re¬ 
unite  upon 
the  Retina 
the  Rays 
which  come 
from  Objecit 
at  all  jorts 
of  D  if  an¬ 
tes. 

Tab.  VI. 


8.  Of  the 
Alteration 
made  in  the 
Eye ,  in  or¬ 
der  to  re¬ 
unite  them. 
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nearly  but  upon  one  and  the  fame  Point  in  the  Bottom  of  the 
Eye  ;  and  on  the  other  Hand,  "That  every  Point  of  the 
Bottom  of  the  Eye  receives  very  nearly  the  Imprejfion  of  one 
Point  only  of  the  Object. 

6.  I  fay  very  nearly,  not  exa&ly.  For  if  the  Su¬ 
perficies  EDF,  GHI,  LMN,  were  of  fuch  a  Curvature, 
as  to  carry  the  Rays  from  one  fingle  Point,  fuch  as  B, 
to  another  fingle  Point,  fuch  as  O,  exactly ;  it  would  be 
impoflible  for  them  to  unite  the  Rays  which  come 
from  any  other  Point,  fuch  as  A,  .becaufe  every  other 
Point  is  differently  fituated  from  B  with  refpeft  to  the 
Eye. 

7.  Now  we  may  obferve,  that  if  the  Object  be  re¬ 
moved  further  from  the  Eye,  in  fuch  a  manner  that  the 
Point  B  continues  always  in  the  Line  BD,  and  the 
Shape  or  Difpofition  of  the  Eye  be  no  ways  altered  ;  the 
Rays  which  come  from  the  Point  B  to  the  Pupil,  will  not 
diverge  fo  much,  or  be  at  quite  fo  great  a  Diftance  from 
each  other  as  they  were  before  ;  wherefore  in  entring  the 
Three  Superficies  EDF,  GHI,  LMN,  they  will  be  re- 
fra<5Ied  in  fuch  a  manner,  as  to  reunite  a  little  nearer  to 
the  Chryftalline  Humour  than  the  Point  O  is.  On  the 
other  Hand  ;  if  the  Object  be  removed  nearer  to  the  Eye : 
becaufe  the  Rays  wrhich  come  from  the  Point  B  in  or¬ 
der  to  pafs  through  the  Pupil,  diverge  more  than  they 
did,  their  Refractions  will  caufe  them  to  meet  beyond  the 
Point  O.  And  the  ObjeCt  may  be  fo  very  near  the  Eye, 
that  the  Rays  which  come  from  any  one  of  the  Points, 
may  diverge  fo  much,  as  never  to  unite  at  all.  In  all 
which  Cafes,  ’tis  plain,  there  would  be  no  one  Point  of 
the  Object,  that  would  not  effect  too  large  a  Portion  of 
the  Bottom  of  the  Eye ;  and  confequently  the.  ACtion 
of  each  Point,  would  be  confounded  by  that  of  the  Point 
which  is  next  unto  it. 

8.  This  is  what  would  happen,  if  the  Figure  of  the 
Eye  could  not  be  altered  ;  but  to  remedy  all  thefe  In- 
conveniences  Nature  has  fo  formed  the  Eye,  that  it  can 
become  flatter  or  longer  to  fuch  a  Degree,  as  to  adjuft 
it  felf  to  the  different  Diftances  that  we  would  view  the 
Object  at.  Wherefore  when  we  would  look  upon  an 
Object  at  a  greater  Diftance  than  it  could  be  feen  di- 
ftincily  at  when  the  Eye  is  of  the  ufual  Figure,  it  is 
then  made  flat  by  the  Help  of  the  four  right  Muf- 
cles,  all  which  aCting  together,  pull  it  towards  the  Bot¬ 
tom  of  its  Ball,  and  the  Retina  is  by  this  means  near 
enough  to  the  Chryftalline  Humour,  to  be  exaCtly  in 

2  •  the 
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the  Place  where  all  the  Rays  which  come  from  any  one 
Point  of  the  diftant  Objedf  are  reunited.  And  when  we 
would  look  upon  an  Object  'that  is  very  near,  the  Eye 
is  lengthned  by  the  help  of  the  oblique  Mufcles  which 
encompafs  it,  and  by  being  fwelled,’  comprefs  it  ;  and 
then  the  Diftance  between  the  Chryftalline  Humour  and 
the  Retina  becomes  greater,  that  the  Rays  which  come 
from  any  {ingle  Point  of  the  Objedf  which  is  fo  near, 
may  be  reunited  in  a  fingle  Point  upon  the  Retina.  If, 
therefore,  there  remains  any  Confufion  which  Nature  y 
has  not  provided  a  Remedy  for,  it  is  only  in  refpedb  t6 
the  Adfion  of  thofe  Rays  which  come  from  an  Objedl 
that  is  too  near  the  Eye,  at  two  or  three  Inches  diftance* 
fcppofe ;  but  this  is  needlefs,  or  at  leaft-,  not  neceflary  to 
be  remedied  ;  for  as  Sight  was  given  us  principally  to 
take  Notice  of  Things  at  a  Diftance,  and  there  is  very 
feldom  any  Occafion  for  feeing  Objects  fo  very  near,  Na¬ 
ture  has  not  provided  for  it. 

9.  This  Approaching  and  Receding  of  the  Chryftalline  p-  'That  the 
Humour  with  refpedt  to  the  Bottom  of  the  Eye,  is  fo  ne-  °~fJre 
cefiary  in  order  to  fee  diftindfly,  that  becaufe  it  cannot  altered  in  A 
be  performed  by  Mufcles  in  fome  Birds,  the  Coats  of  different 
whofe  Eyes  are  almoft  as  hard  and  inflexible  as  Bones,  manner% 
Nature  has  provided  another  Way.  For  there  are  placed 

in  the  Eyes  of  fuch  Birds  certain  black  Filaments,  that 
are  not  in  the  Eyes  of  Men  or  other  Animals,  by  which 
the  Chryftalline  Humour  is  connedfed  with  the  Bottom 
of  the  Lye,  and  by  which  it  can  be  made  to  draw  nearer 
to,  or  remove  further  from  the  Retina. 

10.  It  is  obfervable,  that  the  fir  ft  of  the  three  Refrac-  10.  An- 
tions  which  the  Rays  of  Light  undergo,  in  palling  thro’  ^Ifir^ation 
the  Humours  of  the  Eye,  is  not  to  be  found  in  Fifties  0f  t^e  Eyet 
who  live  in  the  Water,  becaufe  the  Rays  are  already  in  °J  Fijhsi . 
an  aqueous  Medium ,  when  they  begin  to  enter  into  the 

Eyes  of  Fifties.  And  this  feems  to  be  a  Reafon  why  the 
Want  of  this  Refradfion  fhould  be  compenfated  fome 
other  Way.  And  fo  we  find  it  is  ;  for  Nature  has  made 
the  Chryftalline  Humour  of  Fifties  Eyes  more  convex, 
infomuch,  that  it  is  almoft  as  round  as  a  Globe,  and 
not  of  the  Figure  of  a  Lens,  as  it  is  in  other  Animals. 

11.  As  moft  antient  Perfons  grow  lean  and  thin  by  ^ * 
Age,  fo  their  Eyes  grow  flat  and  more  funk  than  when  ^ 
they  were  younger.  Now  in  this  Figure  of  the  Eyes,  the  that  are 
Rays  which  corne  from  an  Objedl:  very  near,  come  to  near,  u  ve~ 
the  Retina  before  they  are  reunited  ;  wherefore  they  im-  7 

prefs  but  a  confuted  Imaue  upon  it;  fo  that  it  is  lmpojii- 
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ble  for  fuch  Sort  of  Eyes  to  receive  any  diftin&  Image, 
except  when  the  Obje<ft  is  at  a  fufficient  Diftance. 

12.  On  the  other  Hand,  fome  Perfons  have  by  Na¬ 
ture  Eyes  that  are  longer  and  more  gibbous  than  thofe  of 
other  Men ;  in  which  the  Diftance  betwixt  the  Chryf- 
talline  Humour,  and  the  Bottom  of  the  Eye,  is  likewife 
greater  than  ufual  :  In  thefe,  the  Rays  which  come  from 
one  Point  of  an  Obje<ft  further  off  than  ordinary,  are  re¬ 
united  alfo,  before  they  come  at  the  Retina ,  and  then  are 
feparated  again,  fo  that  they  fpread  themfelves  a  little 
upon  the  Bottom  of  the  Eye.  Whence  it  comes  to  pafs, 
that  thefe  Sort  of  Eyes  can  receive  only  a  confufed  I- 
mage  of  Obje&s  that  are  at  a  Diftance  $  and  have  a  dif- 
tinS  Image  of  thofe  only  that  are  near. 


CHAP.  XXXI. 

What  we  mean ,  when  we  fay ,  that  the  Images  of 
the  Objects  are  imprejfed  upon  the  Organs  of 
■  Sight. 

i.  That  per ^  *1T7*  HEN  we  once  clearly  underftand,  that  every 
VV  Jingle  Point  of  the  Obje<ft  a£te  upon  one  Tingle 
otfas  are  only  the  Bottom  of  the  Eye  which  anfwers 

imprejed  on  dire&ly  to  it ;  and  on  the  other  hand,  that  every  Point 
ibe  Retina.  0f  the  Bottom  of  the  Eye  receives  the  Impreflion  of 
but  one  Point  only  of  the  Object ;  it  is  not  difficult  to 
conceive  that  the  whole  Object  a&s  upon  a  certain  Part 
of  the  Retina ,  which  is  as  exactly  of  the  fame  Shape 
with  it,  as  could  be  drawn  upon  a  Cloth  by  the  moft 
skilful  Painter.  We  can  yet  further  conceive,  that  this 
Part  of  the  Retina  does  ftill  more  perfectly  refemble  the 
Object,  becaufe  it  receives  as  many  different  Preffures  in 
all  its  feveral  Parts  as  there  are  different  Colours,  or  dif¬ 
ferent  Degrees  of  Light  in  the  feveral  Parts  of  the  Ob- 
je£f.  And  becaufe  we  call  that  an  Image ,  or  a  Species , 
which  has  any  Refemblance  to  the  Thing  which  it  re- 
prefents,  we  call  that  Part  of  the  Retina  upon  which  all 
the  Rays  of  the  Objedf  fall  by  that  Name,  and  fay, 
That  it  impreffes  its  Image  on  the  Bottom  of  the  Eye. 


2.  There 


Chap.  $i.  o/Natural  Philosophy.  243 

2.  There  is  no  need  of  fearching  after  any  other  Re-  *•  Wherein 
femblance  in  this  Image,  than  what  has  been  mentioned. 

For  if  we  would  make  any  further  Companion  betwixt  f  om  the 
it  and  the  Objedfc,  we  fhall  find  them  very  different.  And  Ohjeht, 
firft,  herein  they  differ,  that  a  Body  is  always  repre- 
fented  by  a  Superficies,  and  fometimesa  Superficies  by  a 
Line,  and  fometimes  a  Line  by  a  Point :  Secondly,  The 
Situation  is  different,  for  the  upper  Part  of  the  Objedfc 
is  painted  upon  the  lower  Part  of  the  Eye,  and  the  right 
Side  of  the  Objedl  upon  the  left  Side  of  the  Eye,  £3 V. 

Laftly,  They  differ  in  Magnitude,  for  a  very  large  Object 
is  reprefented  upon  a  very  fmall  Part  of  the  Eye. 

3.  And  the  further  diftant  the  Object  is,  fo  much  the  3.  The  fur - 
lefs  is  this  Part  of  the  Bottom  of  the  Eye  ;  as  is  evident  tfe'  t^>e. 

in  the  Figure  of  the  Eye  C,  where  the  Space  HI,  which 
receives  the  Image  of  the  Object  FG,  is  lefs  than  the  Eye,  the 
Space  DE  on  which  the  Objefl:  AB,  which  I  fuppofe  "  tbe 
equal  to  FG,  is  impreffed  ;  and  this  very  nearly  in  the  TafcfVlI. 
fame  Proportion,  as  the  diftance  of  FG  from  the  Eye  is  Fig*  i« 
greater  than  the  diftance  of  AB. 

4.  Whoever  confiders  ever  fo  little  of  what  we  have  4*  Ex- 
before  laid  down,  concerning  the  Nature  of  Light  and  XlXXy 
Colours,  cannot  but  be  of  our  Opinion,  That  the  Images  tbefe  Image* 
of  Objects  are  in  this  manner  impreffed  on  the  Botiom  of  maJ  beIun> 
the  Eye  :  But  he  may  be  further  convinced  of  it  from  Ex¬ 
perience;  for  if,  after  having  darkned  all  the  Windows 

of  a  Room,  over-againft  which  are  fome  bright  Objedfcs, 
we  make  a  Hole  in  the  Window-Shut,  and  place  in  it  the 
Eye  of  an  Animal,  frefh  killed,  firft  taking  off  neatly 
all  the  Membranes  which  the  Bottom  of  the  vitreous 
Humour  is  covered  with,  and  put  an  Egg-fhell  in  their 
ftead  to  hold  this  Humour  in,  we  fhall  fee  upon  the  Egg- 
fhell  a  diffindi  Picture  of  all  the  Obiedfs  that  are  with¬ 
out. 

5.  But  becaufe  there  are  fome  Difficulties  to  make  this  5.  An  am- 
Experiment  fucceed  well;  I  have  thought  that  the  fame  fieialEye 
Thing  might  be  done,  by  making  a  large  artificial  Eye, 

which  I  accordingly  tryed  :  The  opake  Coats,  or  Tu- 
nicks,  were  all  made  of  thick  Paper,  except  the  Retina , 
which  was  made  of  a  very  white  thin  Piece  of  Vellum  ; 
in  the  Room  of  the  Tunica  Cornea ,  I  put  a  tranfparent 
Glafs,  and  inftead  of  the  Chryftalline  Humour,  was  a 
Piece  of  Chryftal  of  the  Figure  of  a  Lens,  but  more  fiat 
than  this  Humour ;  for  fince  there  was  nothing  in  this 
Machine  but  Air,  in  the  Places  of  the  aqueous  and  vitre¬ 
ous  Humour,  a  little  lefs  Convexity  was  fufficient  to 
Vol.  I.  R  2  produce 
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produce  the  Refradlions  required :  And  becaufe  it  was 
very  difficult  to  flatten  or  lighten  this  artificial  Eye,  in  the 
manner  the  natural  Eye  is  done  by  the  Mufcles,  I  placed 
the  Vellum  in  fuch  a  manner,  that  it  could  be  moved 
backward  or  forward,  at  Pleafure. 

%  !o7Y°  6.  This  artificial  Eye  being  fo  placed  in  the  Window 

mage  cf  an  of  a  Room,  that  the  Glafs  which  reprefents  the  Tunica 
cbjeii  ,n  Cornea,  may  be  directly  againft  fome  Objects  that  are  ve¬ 
ry  much  illuminated  ;  we  Ihail  not  only  fee  the  Images 
of  them  impreffed  upon  the  Vellum,  but  we  may  alfo 
obfervc  all  the  moft  minute  Particularities,  which  we  be¬ 
fore  collected  from  Reafon.  Thus  we  may  obferve* 
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•j.  'The firjl 
Objervation. 

%.lbe  jecond 
Objei  vat  ion. 

q.  'The  third 
Objervation. 

JO.  The 
fourth  Ob - 
fervat  ion . 

11.  The 
fftb  Ob- 

fervation . 

1 2.  The Jixtb 
Objei  vat  ion. 


*3 


The 


Jeventh  01- 
fervdtim » 


7.  Firjl,  That  it  is  at  one  particular  Difiance  only  of 
the  Vellum  from  the  Chryftal  Lens,  that  the  Image  will, 
appear  the  moft  diftindl  that  is  poffible. 

8.  Secondly ,  That  this  -Image  is  not  fo  diftindt  in  the 
extreme  Parts,  as  in  the  Middle. 

9.  Thirdly ,  That  if  the  Vellum  be  too  near  the  Lens; 
the  Image  will  be  lefs,  and  very  much  confufed. 

10.  Fourthly ,  That  if  it  be  too  far,  the  Image  will 
be  larger,  but  all  confufed  likewife. 

11.  Fifthly ,  That  the  difiindl  Image  of  any  Objeci,  is- 
fo  much  the  lefs,  as  the  Objedt  is  more  remote. 

12.  Sixthly ,  If  a  certain  Difiance  between  the  Lens  and 
the  Vellum,  be  requifiteto  make  a  diftindt  Image  of  an 
Objedl  at  a  moderate  Diftance;  the  Vellum  muft  be 
moved  a  little  nearer,  fo  that  the  Diftance  of  the  Lens 
from  it  may  be  lefs,  if  we  would  have  a  diftindt  Image 
of  another  Objedt,  which  is  at  a  confiderably  further 
Diftance. 

1 3.  Seventhly ,  When  the  Vellum  is  at  a  proper  Di¬ 
ftance,  to  reprefent  diftinctly  an  Objedl  which  is  at  a 
great  Diftance,  fuppofe  an  Hundred,  or  Two  hundred 
Yards  ;  there  is  no  need  of  altering  it,  in  order  to  repre¬ 
fent,  as  diftindf  as  is  poffible,  any  Objedts  that  are  at  a 
ftill  greater  Diftance. 

14.  Eighthly ,  The  nearer  the  Objedf  is  to  this  artifi¬ 
cial  Eye,  the  further  muft  the  Vellum  be  removed  from 
the  Lens. 

15.  Ninthly ,  When  the  Objecl  is  too  near  this  ar¬ 
tificial  Eye,  it  is  impoffible  to  get  any  diftindl  Image, 
let  the  Vellum  be  removed  to  what  Diftance  we 

will. 
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16.  It  is  tol)e  obferved,  that  in  thofe  Cafes  where  any 
Alteration  muff  be  made  in  the  Eye,  in  order  for  the  I- 
mage  to  become  diftindf,  this  Alteration  is  much  lefs  in 
the  Eyes  of  Animals,  the  Coats  of  which  are  flexible, 
than  in  this  artificial  Eye.  For  in  Animals,  the  length- 
ning  or  fliortning  the  Eye  being  always  attended  with  a 
greater  or  lefs  Convexity  of  the  Cornea,  the  Figure  of 
this  Coat  contributes  its  Part  in  producing  that  EftedI 
which  in  the  artificial  Eye  wholly  depends  upon  the  Length 
or  Shortnefs  of  it.  Thus,  if  when  the  artificial  Eye  has  re¬ 
ceived  a  diftindf  Image  of  a  diftant  Objedl,  another  Ob- 
je<£L  be  placed  before  it  at  fuch  a  nearer  Difiance,  that  in 
order  to  have  the  Rays  which  come  from  every  Point  of 
it  reunited,  the  Eye  ought  to  be  made  One  hundredth 
Part  longer  than  it  is  ;  the  Vellum  muft  be  removed  juft 
fo  much  further  from  the  Lens  :  But  in  a  parallel  Cafe  of 
the  natural  Eye,  it  is  not  requifite  that  That  jfhould  be 
lengthned  a  hundredth  Part  of  the  Whole,  becaufe  the 
Timi.a  Cornea  being  more  gibbous  than  it  was  before, 
caufes  greater  Refraction j,  and  fo  makes  the  Rays  reunite 
fooner  than  they  would  otherwife  do. 

17.  The  Image  of  an  Objedf  imprefled  on  the  Eye  of 
an  Animal,  being  received  in  a  Place  where  the  Capilla- 
ments,  of  which  every  Optick  Nerve  is  compofed,  meet 
each  other ;  it  is  very  probable,  that  this  Image  is  fo  im¬ 
prefled,  that  the  Rays  do  not  move  thefe  Capillaments 
fide-ways,  but  always  fall  diredtly  upon  the  Extremities  of 
them.  To  which,  if  we  add;  That  the  Imprefiion 
which  is  made  upon  the  Extremity  of  every  one  of  thefe 
Capillaments,  is  communicated  from  one  End  to  the 
other,  we  may  conclude,  that  the  Image  of  the  Object 
is  tranfmitted  entire  to  that  Place  where  thefe  Capilla¬ 
ments  end  in  the  Brain. 

18.  And  becaufe  we  have  no  Senfation,  when  thofe 
Parts  of  the  Body  are  any  way  afFedfed,  in  which  there 
are  no  Nerves  ;  it  is  very  probable,  that  the  Nerves  are 
neceflary  to  Senfation.  And  becaufe  we  have  no  Senfa¬ 
tion  likewife,  when  any  Objedt  makes  an  Imprefiion  up¬ 
on  a  Nerve,  if  its  Communication  with  the  Brain  be  hun¬ 
dred,  or  if  the  Brain  it  felf  be  affedied  with  any  particu¬ 
lar  Diftemper  ;  therefore  it  is  reafonable  to  think,  that  the 
Nerves  are  not  the  immediate  Organs  of  the  Soul,  but 
that  they  are  fo  formed  by  Nature,  as  to  tranfmit  the 
Imprefiion  which  they  receive,  to  that  Place  in  the  Brain 
where  the  Origin  of  them  is,  and  where  probably  the  im- 
jnediate  Organ  of  the  Soul’s  Senfation  is, 
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19.  However,  we  may  further  obferve,  that  there  be¬ 
ing  T  wo  of  a  Sort  of  almoft  all  the  Parts  of  the  Brain, 
they  cannot  all  of  them  indifferently  be  thought  the  im¬ 
mediate  Organ  of  the  Soul.  On  the  contrary,  it  is  high¬ 
ly  probable,  that  fince  we  have  but  one  Senfation  only, 
though  two  Impreffions  are  made  by  the  Objetft  upon  the 
external  Organs  of  the  Senfes  which  are  affedfed,  that 
there  is  likewife  one  particular  Place  in  the  Brain  where 
thefe  two  Impreffions  meet.  Which  that  Place  is,  may 
be  very  difficult  to  determine ;  but  whether  it  be  that 
fmall  Gland  which  Phyficians  call  the  Conarium ,  or 
whether  it  be  any  other  Part  of  the  Brain,  it  is  hardly 
to  be  conceived  how  they  can  thus  unite,  without  fup- 
poling  fomething  equivalent  to  what  is  now  faid. 

20.  Belides  the  manifeft  Refemblance  which  there  is 
betwixt  the  two  Eyes,  I  imagine  there  is  another  yet, 
which  cannot  be  difeerned  by  the  Senfes,  which  confifts 
in  this,  that  the  Number  of  Capillaments  in  one  Optick 
Nerve,  is  equal  to  the  Number  of  Capillaments  in  the 
other  Optick  Nerve.  Thus  (to  make  the  Thing  eafier) 
it  we  luppofe  the  Optick  Nerve  of  the  Eye  A  to  contain 
five  Capillaments, the  Extremities  of  which  are  CDEFG; 
it  is  reafonable  to  think,  that  there  is  the  fame  Number 
in  the  Nerve  of  the  Eye  B,  the  Extremities  of  which  are 
HIKLM.  I  imagine  alfo,  that  the  Extremities  E  and  K, 
which  are  in  the  Middle  of  the  reft,  are  exadbly  at  the 
End  of  the  Optick  Axes,  that  is,  at  the  Ends  of  the  Lines 
TE,  VK,  which  pafs  through  the  Centers  of  the  Pupil, 
the  Chryftalline  Humour,  and  the  Body  of  the  Eye  ;  and 
that  the  reft  are  placed  fo  regularly  about  thefe,  that  we 
may  take  feparately  all  the  Capillaments  of  one  Eye  in 
order,  and  affociate  them  with  thofe  in  the  other  Eye  ta¬ 
ken  in  the  fame  Order,  foas  to  make  up  a  great  Num¬ 
ber  of  Pairs,  which  may  be  called  Sympathetick :  Thus 
beginning  with  the  Capillaments  C  and  H,  which  are 
moft  on  the  Left  PI and,  I  make  them  the  firft  Pair  5  the 
otner  Pairs  areDI,  EK,  FL,  GM.  I  am  alfo  of  Opinion, 
that  each  Pair  of  Sympathetick  Capillaments  end  in  (1)  the 


( l )  In  the  fame  Point  of  that  Part 
°J  the  Pram)  This  Ccnjefiure  i j*  nr.t 
yet  confirmed,  by  cutting  open  the 
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the  Pairs  of  Nerves  meet  in  the 
Brain  or  no,  it  is  evident,  that  two 
Images  of  every  Objeft  impreffed 
upon  thofe  Capilkments  muft  be  feen 
in  the  very  fame  Place  (becanfe  the 
Optical  Axes  meet  each  other)  that 
is,  iruft  become  one  ;  and  therefore 
the  Object  appears  fwg!e. 
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fame  Point  of  that  Part  of  the  Brain  which  raifes  a  Sen- 
fation  in  the  Soul  ;  as  you  fee  in  the  Figure,  where  the 
Pair  CH  meet  in  the  Point  O  of  the  principal  Organ  X, 
the  Pair  DI  in  the  Point  P,  the  Pair  EK  in  the  Point 
Q,  the  Pair  FL  in  the  Point  R,  and  the  Pair  GM  in 
the  PointS. 

21.  This  being  fuppofed,  I  conceive  that  when  we 

would  look  upon  an  Object,  we  turn  our  Eyes  to  it  aeis  upon  the 
in  fuch  a  manner,  that  the  two  Optic ks  Axes  meet  at  immediate 
the  Point  which  we  fix  our  Attention  principally  up- 
on.  Thus  the  Rays  TE,  VK,  coming  from  that  Tab.  VIL 
Pdint,  and  falling  upon  the  Sympathetic k  Capillaments  FiS*  a* 

E  and  K,  the  two  Imprellions  which  they  make  there, 
are  reunited  in  one  Point  only,  viz .  in  the  Point  Q. 

So  likewife  the  Part  of  the  Object  which  is  on  the  right 
Hand,  (hakes  the  Sympathetici  Capillaments  D  and  I, 
the  Impreflions  of  which  are  carried  to  P.  And  again, 
the  Part  of  the  Objetft  which  is  on  the  left  Hand  a&s 
upon  the  Sympathetick  Capillaments  F  and  L,  and  their 
Imprellions  unite  in  the  Point  R,  and  fo  of  the  reft. 

So  that  though  there  be  two  Images  imprefled  upon  the 
Eyes,  yet  there  is  but  one  imprefled  upon  that  Part  of 
the  Brain  X,  which  we  here  fuppofe  to  be  the  immediate 
Organ  of  Vifion. 

22.  What  has  been  already  faid  of  the  Images  which  Ane-vi- 
vifible  Objects  imprefs  upon  the  Eye,  being  well  un-  *** P,[e°^ 
derftood  ;  it  cannot  but  be  a  ftill  greater  Surprife,  Cbryftaihnt 
that  the  Arijlotelians  and  almoft  all  Phyficians  (hould  Humour  is 
be  fo  miftaken,  as  to  affirm,  that  thefe  Images  are  im- 

prefled  upon  the  Chryftalline  Humour,  and  go  no  fur-  Organ  of 
ther  ;  for  it  will  evidently  appear,  that  the  different  Im-  Vifon, 
prelfions  of  the  diverfe  Points  of  the  fame  Object  are  all 
confufed  there. 
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CHAP.  XXXII. 

How  Vifion  is  performed . 
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AFTER  having  traced  the  material  Image  of  the 
Objedl,  or  the  ImpreJJion  which  it  makes  upon  the 
external  Organs,  to  the  Brain,  I  come  next  to  explain 
how  this  raifes  in  us  an  immaterial  Image,  or  that  Senfa- 
tion  in  which  Sight  properly  confifts,  and  to  (how  the 
Reafons  why  it  is  clear  and  dijlindl  ;  and  alfo  how  we 
perceive  the  Place ,  Situation ,  Dijlance ,  Magnitude ,  Fi¬ 
gure,  Number ,  and  the  Motion  or  Rejl  of  fuch  Objedfs. 

2.  In  order  to  underftand  how  this  immaterial  Image 
is  formed  in  us,  I  muft  remind  you  of  a  certain  T ruth 
which  has  been  fufEciently  demojiftrated  before  ;  and 
that  is,  That  fuch  is  the  Nature  of  our  Soul,  that  par¬ 
ticular  Motions  of  the  Body  to  which  it  is  united,  are 
the  Occafions  of  particular  Perceptions  in  it  :  Now  diffe¬ 
rent  Parts  of  the  Objedt,  adf  diftindlly  upon  different 
Parts  of  the  Bottom  of  the  Eye,  and  their  Impreflions 
being  tranfmitted  to  that  Place  of  the  Brain  which  is  the 
principal  Organ  of  the  Soul,  it  is  eafy  to  apprehend,  that 
the  Soul  muft  have  as  many  diftindl  Senfations  raifed 
in  it,  at  the  fame  time,  and  without  any  Confufion,  as 


every  one  of  them  excites  different  Motions. 

3.  Whence  it  3.  It  is  manifeft  alfo,  that  this  immaterial  Image, 
is  that  thu  ought  to  be  fo  much  the  more  vivid  or  clear ,  as  the  Ob- 
Nfff  '•  f°  je<5t  fends  forth  more  Rays  of  Light  wftiich  are  received 

by  the  Eye  ;  for  by  this  means  the  Impreftlon  made  up^- 
on  the  Organ  will  be  fo  much  the  ftronger.  And  the 
Largenefs  of  the  Pupil  contributes  likewife  to  this  Clear- 
nefs ,  becaufe  it  affords  Room  for  more  Rays  that  come 
from  the  fame  Point  of  an  Objedl  to  imprefs  the  Image 
on  the  Bottom  of  the  Eye. 

4.  That  the  4.  It  is  true,  that  if  we  eonfider  the  Adlion  of  one 
Image  of  a  Point  of  the  Objedt  only,  wTe  muff  fay,  that  the  Senfa- 
Vi/Lnl*  B°n  ought  to  be  weaker  or  more  obfeure  in  proportion  to 
ought  to  ke  the  greater  Diftance  of  the  Body,  becaufe  the  Rays  of  Light 

dear  at  which  come  from  one  Point  of  it  diverge,  and  therefore 
£qdy  C{ylicb  fewer  of  them  enter  into  the  Pupil  when  the  Eye  is  far  off, 
is  near*  than  when  it  is  near.  But  we  know  that  one  Point  of 
the  Qbje&  does  not  adt  alone,  but  always  adfs  in  com¬ 
pany  with  a  great  many  others,  and  the  whole  Image  of 

the 
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the  ObjeCt  is  imprefled  upon  fo  much  a  lefs  Space  on 
the  Retina ,  as  the  Diftance  of  the  ObjeCf  from  the  Eye 
is  greater.  Thus  if  one  vifible  Point,  at  the  Diftance  of 
two  Miles,  fend  to  the  Pupil  but  half  the  Rays  that  it 
would  do  if  it  were  but  at  a  Mile  diftance  only,  this  is 
made  good  by  fome  other  vifible  Points  that  are  near  it, 
which  fend  their  Rays  upon  the  fame  Capillament  of  the 
Optick  Nerve,  where  one  fingle  Point  of  a  nearer  ObjeCt 
would  fend  its  Rays ;  wherefore  the  Vifion  ought  to  be 
as  Jirong  and  vivid. 

5*  To  this  we  may  add,  that  becaufe  we  open  the  $.  why 
Pupil  of  the  Eye  a  little  more  when  we  look  upon  Ob -fiant  Object 
jecfts  that  are  at  fome  diftance,  than  when  we  look  at  To 
thofe  which  are  near;  therefore  we  take  in  more  Rays 
from  any  Point  than  we  do  when  the  Pupil  is  not  fo 
wide,  and  this  makes  the  Senfation  more  clear.  And  thus 
we  find,  that  a  Mountain  looked  upon  at  fome  diftance 
does  not  appear  of  fo  dark  a  Colour  as  when  we  are 
nearer  it. 

6.  As  to  the  Diftinflnefs  of  Vifion ,  that  evidently  de-  6  tJmo  °?>" 
pends  upon  the  RefraCfion  of  the  Rays  ;  and  it  is  then 

as  diftinfit  as  poftible,  when  the  Refraction  is  fo  made,  as 
that  all  the  Rays  which  come  from  one  and  the  fame 
Point  of  the  ObjeCt,  meet  together  exactly  in  one  and  the 
fame  Point  of  the  Bottom  of  the  Eye  :  But  this  never  is 
precifely  fo,  but  in  thofe  Rays  which  come  from  that 
Point  of  the  ObjeCt  which  is  at  the  Extremity  of  the 
Optical  Axis ;  for  it  is  evident,  that  thofe  Rays  which 
come  from  the  other  Points,  are  reunited  fo  much  the 
lefs  exaClly  one  than  another,  as  they  are  more  diftant 
from  this  Axis ;  wherefore  we  cannot  at  the  fame  time 
have  the  molt  diftinCf  Senfation  but  in  this  Place  alone, 
and  the  reft  will  be  more  confufed. 

7.  This  being  fo,  it  follows  from  what  was  before  de-  7-  Wlyoli 
monftrated  concern  ins;  the  confufed  Impreflion  of  an  'A*nf,e oh- 

#  ^  16CT  &  tO  Cit 

ObjeCt  that  is  near,  on  the  Eye  of  an  Old-Man;  that  near  them 
he  muft  fee  fuch  a  near  ObjeCt  very  confufedly  ;  and  thus  verycenfufeJ* 
we  (hall  efcape  the  Error  of  thofe,  who  are  of  Opinion, 
that  the  Confufednefs  in  the  Sight  of  Old-Men,  arifes 
from  hence  ;  that  the  Faculty  of  Seeing ,  or  the  Senfe  of 
Seeing  is  weaker  in  them  than  in  others.  And  indeed  it 
is  very  furprizing,  and  very  lucky,  that  at  a  time  when 
the  DoCfrine  of  RefraClions  was  not  at  all  known,  A- 
rijlctle  fhould  hit  upon  faying,  that  if  an  old  Man  had 
the  Eve  of  a  young  Man,  he  would  fee  as  the  young 
Man  does ;  which  is  the  fame  Thing  as  to  fay;  that  the 

Fault 
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Fault  in  the  Sight  of  an  old  Man,  does  not  arife  from  any 
Defeat  in  th  ef  Faculty  of  Seeing ,  but  only  from  fome  De¬ 
feat  in  the  Organs. 

8.  On  the  other  Hand  we  are  allured,  that  thofe  Per- 
fons,  whofe  Eyes  are  longer  and  more  gibbous  than  ordi¬ 
nary,  receive  a  diftindl  Impreflion  only  of  thofe  Obje&s 
which  are  near  ;  and  a  confufed  Impreflion  of  thofe  that 
are  difiant :  Whence  it  is  eafy  to  conclude,  that  fuch  Per- 
fons  muft  fee  Objects  that  are  near  them  diftindtly,  and 
thofe  that  are  at  a  Diftance  confufedly. 

9.  The  Diftinttnefs  of  Vifion  depends  alfo  upon  the 
Largenefs  of  the  Space  which  the  Impreflion  of  the  Ob¬ 
ject  takes  up  in  the  Bottom  of  the  Eye,  where  there  ought 
to  be  at  leaft  as  many  Extremities  of  the  Capillaments  of 
the  Optic k  Nerve,  as  there  are  different  fenfible  Parts 
in  the  Object  which  fends  forth  the  Rays,  in  order  for 
every  one  of  them  to  make  a  diflin6t  Impreflion.  For 
if  the  Rays  which  come  from  two  different  Parts  of  the 
Obje<ft,  meet  together  in  two  different  Points  of  the  fame 
Capillament,  it  is  the  fame  Thing,  as  if  they  met  in  one 
Point,  becaufe  they  cannot  communicate  two  different 
Motions  to  this  Capillament  at  the  fame  time.  And  this 
is  the  Reafon  why  Obje&s,  that  are  at  a  very  great  Di¬ 
ftance,  becaufe  their  Images  are  imprefled  on  a  lefs  Space, 
are  feen  but  confufedly. 

10.  Further,  if  this  diftant  Obje<ft  be  compofed  of  a 
great  many  different  Parts  which  are  of  different  Colours, 
it  is  evident,  that  if  feveral  of  thefe  Parts  a<ft  together 
upon  the  fame  Capillament,  that  which  is  of  the  brighteft 
Colour  is  the  only  one  that  will  be  feen,  beaaufe  the 
Capillament  will  receive  the  Impreflion  only  of  this  Part. 
And  thus  we  fee  that  in  a  Meadow  where  there  are  a  great 
many  white  Flowers  mixed  with  a  vaft  Number  of  green 
Spires  of  Grafs,  at  a  Diftance  it  looks  all  White. 

11.  If  it  had  never  been  obferved,  that  we  fometimes 
have  no  Perception,  when  we  would  have  fome,  and  at 
other  Times  have  a  Perception,  when  we  would  not,  we 
lhould  not  have  been  fo  ready  to  have  conne&ed  our 
Judgement  with  our  Senfation,  and  Senfation  would  only 
have  been  Ample  Perception :  But  when  we  had  once 
made  this  Reflexion,  our  Senfation  muft  neceffarily  be  a 
compound  Perception  :  And  if  we  had  been  more  wary 
in  our  Judgement  at  flrft,  fo  as  not  to  have  affented  to 
any  1  hing  of  which  we  had  not  a  clear  Perception,  all 
that  we  could  plainly  have  inferred,  is,  that  fomething 
concurred  with  us  tp  caufe  Senfation,  But  having  been 

differently 
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differently  accuftomed  from  the  Beginning,  and  over- 
hafty  in  our  Judgement,  we  have  drawn  a  different  Con- 
fequence  ;  and  look  upon  the  Senfation,  which  now  up¬ 
on  more  mature  Deliberation,  we  acknowledge  only  as  an 
accidental  Mode  of  exifting,  to  be  without  us ,  and  there¬ 
fore  we  refer  it  to  external  Objects  ;  and  we  have  fo  of-  , 

ten  made  this  Judgement,  that  we  are  accuftomed  to  do 
it  without  any  Difficulty,  and  without  the  leaft  Sufpicion 
of  its  not  being  conformable  to  T ruth. 

12.  We  have  been  confirmed  in  this  Errour  about  xr»  Another 
Vijion  by  another  Miftake.  We  obferve,  that  when  an  Reaf°n 
opake  Body  is  put  between  the  Object  and  our  Eye,  we  we  °  ‘ 
then  ceafe  to  fee  it  :  From  whence  we  ought  to  con¬ 
clude,  that  the  Thing  which  concurs  with  us  to  excite 
Senfation,  is  beyond  the  opake  Body,  and  being  no  longer 

able  to  adt  upon  our  Organs ,  we  ceafe  to  have  the  Sen¬ 
fation  we  had  before.  But  inftead  of  reafoning  in  this 
manner,  we  imagine,  that  the  Senfation  which  we  have 
of  Light  or  Colour,  that  is,  the  Light  or  Colour  which 
we  perceive,  is  beyond  that  Body,  and  fo  carrying  our 
Imagination  as  far  as  the  Objedt  itfelf,  we  go  as  it 
were  out  of  our  felves,  along  the  Line  in  which  we 
receive  the  Impreffion  of  the  Objedt,  and  afcribe  our 
own  Senfation  to  it,  that  is,  the  Colour  which  we  per¬ 
ceive. 

13.  The  fame  Thing  that  leads  us  to  refer  the  whole  *3* 
Senfation  which  we  have  of  an  Objedt  to  fomething  with-  ^UuatV^of 
out  us,  leads  us  alfo  to  refer  all  the  particular  Senfations  an  objttt. 
of  which  it  is  compofed,  in  the  fame  manner,  in  ftreight 

Lines,  according  to  the  Diredtion  in  which  we  receive 
the  Impreffions  from  different  Parts  of  the  Objedt :  T bus 
the  Impreffion  which  is  made  in  the  lower  Part  of  the 
Bottom  of  the  Eye,  coming  to  us  in  the  higheft  of  all 
the  Lines  by  which  the  Objedt  raifes  any  Senfation  in  us; 
it  is  along  this  Line  that  we  refer  the  particular  Senfa¬ 
tion  which  arifes  from  it.  So  likewife  we  refer  to  the 
loweft  Part  of  the  Objedt,  that  Senfation  which  arifes  from 
the  Impreffion  made  by  it,  on  the  higheft  Part  of  the 
Bottom  of  the  Eye.  And  hence  it  is,  that  though  the 
whole  Image  which  the  Objedt  impreffes  on  the  Bottom 
of  the  Eye  be  inverted,  yet  when  we  look  upon  the  Ob¬ 
jedt  through  a  fimple  uniform  Medium ,  this  hinders  not 
but  that  it  appears  in  its  true  Situation  ;  that  is,  the 
•immaterial  Image  makes  the  Objedt  appear  to  us  as 
it  is.  *  • 
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14.  The  Knowledge  of  the  Dijiance  of  an  Objedl, 
as  well  as  that  of  the  Situation  of  it,  depends  upon  our 
referring  our  Senfation  to  fomething  without  us.  For 
our  regard  being  chiefly  upon  the  Pofition  of  the  two 
optical  Axes  ;  and  the  Motion  of  the  right  Mufcles  of 
our  Eyes  by  a  natural  Way  of  Reafoning,  fhowing  us 
very  nearly,  the  Relation  or  Inclination  which  thefe  two 
Axes  have  to  each  other,  and  at  what  Diftance  from 
us  they  meet  together  ;  it  is  to  this  Diftance  that  we 
refer  our  Senfation,  that  is,  to  the  fame  Place  where  the 
Objedf  is.  Wherefore  if  at  any  Time  we  are  deceived 
in  the  Judgement  we  make  of  the  Diftance  of  any  Ob¬ 
ject  when  we  look  upon  it  with  both  Eyes,  it  is  be- 
caufe  we  do  not  know  exadtly  at  what  Diftance  the 
Optical  Axes  meet. 

15.  And  if  we  make  ufe  of  but  one  Eye,  we  can 
know  the  Dijiance  of  an  Object  ;  provided  we  move 
from  one  Place  to  another  ;  for  we  have  fome  kind  of 
Memory  of  the  Pofition  of  the  Optical  Axis  in  the  firft 
Station,  when  we  really  attend  to  the  Pofition  of  it  in 
another  Station  ;  fo  that  we  imagine  two  Optical  Axes, 
though  there  be  indeed  but  one,  and  by  that  means 
guefs  at  the  Diftance  where  they  meet  >  and  to  this  we 
refer  the  Objedl. 

16.  Since  we  cannot  incline  the  Optical  Axes  to  each 
other  in  a  certain  manner,  in  order  to  make  them  meet 
at  one  Point  of  an  Objedh  which  is  at  a  certain  Di¬ 
ftance  from  us,  but  at  the  fame  Time  we  muft  put 
each  Eye  into  a  particular  Difpofition  or  Figure,  necef- 
fary  to  fee  diftindlly  at  that  Diftance  ;  v/e  may  prefume 
that  Nature  has  fo  ordered  the  Mufcles  of  the  Eyes, 
that  they  neceffarily  procure  both  thefe  Effedfs  at  the 
fame  Time  :  And  that  this  is  fo,  we  fhall  have  no  Doubt, 
if  we  obferve,  that  they  who  fee  but  with  one  Eye, 
move  their  Eyes  in  the  fame  manner  to  look  upon  Ob- 
jedfs  at  different  Diftances,  as  they  who  fee  with  both 
Eyes.  So  that  it  is  fufficient,  if  our  Eye  be  fo  flatten-^ 
ed  or  lengthned  in  a  particular  manner  by  the  Adfion 
of  the  Mufcles,  as  to  caufe  fome  Alteration  in  the  Brain, 
which  puts  the  Soul  upon  conceiving  the  Pofition  of  the 
Optical  Axes  :  And  fince  the  perceiving  this  Difpofition 
is  the  moft  natural  Argument  to  make  us  know  the  Di¬ 
ftance  of  an  Objedf,  it  follows,  that  the  lengthning  or 
flattening  the  Eye  is  alone  fufficient  to  difeover  this 
Diftance. 


17.  But 
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17.  But  becaufe  the  Alteration  of  the  Shape  of  one  *7-  That  it 

Eye  only,  when  we  make  ufe  of  it  to  fee  diftintftly  at  tof* 

different  Diftances,  is  not  fo  fenfible,  as  the  Alteration  of  the  Judge* 
the  Situation  or  Pofition  of  the  two  Eyes,  when  in  ment 
order  to  look  at  different  Diftances  we  turn  them  dif- 
ferently,  that  we  may  make  the  two  Optical  Axis  meet  an  object, 
in  the  fame  Point  ;  therefore  we  are  not  to  think,  that  ’we. 
this  latter  Alteration  is  fo  exadfly  made,  when  it  is  deter-  °fith*blt  Ins 
mined  by  the  other,  as  if  it  were  caufed  by  that  Atten-  Eye,  than 
tion  which  we  have  when  we  look  with  both  Eyes  up-  %fbenf we. 

.  „ ,  .  0  Ail*"  it»  took  upon  tt 

on  the  fame  Point  of  an  Object.  And  this  is  the  Rea-  witb  both 
fon  why  we  are  more  apt  to  be  deceived  in  the  Judge-  Eyes. 
ment  we  make  of  Di/lance ,  when  we  ufe  but  one  Eye 
than  when  we  ufe  both.  And  indeed  if  we  try  to  touch  ( 1) 
an  Objedt  at  three  or  four  Foot  diftance,  with  the  End 
of  a  Stick  of  about  the  fame  Length,  we  (hall  find,  that 
if  we  look  at  it  but  with  one  Eye,  we  fhall  mifs  touch¬ 
ing  it  two  or  three  times  together ;  whereas  if  we  look 
at  it  with  both  Eyes,  we  fhall  touch  it  the  fir fl:  T ime. 

18.  Whatever  the  Alteration  be,  which  is  made  in  the  iS  .That  if 
Eyes  when' we  look  upon  Obiedts  at  unequal  Diftances,  "  eafleJ  ffr 

.  1  .  ,  J .  ,  r  r  us  to  be  de- 

it  is  certain,  that  I  hat  Alteration  cannot  Peat  all  lenl Ceived  in  our 
ble,  when  the  Diftance  is  fuch,  that  the  neareft  Objedfc  is  Judgement 
a  great  Way  off ;  wherefore  we  mult  be  very  liable  to  be  fiancTuh^v 
more  deceived  in  our  Judgement  of  great  Diftances  than  0f  f mail. 

of  fmall. 

19.  Befides  the  two  forementioned  Means  of  judging  1 9*  ^at  the 
of  the  Diftance  of  Objects,  which  are  the  principal  ones, 

there  is  yet  fome  others  :  As  Firlt.  Having  often  obfer-  nefs  of  the 
ved,  that  an  Object  appears  more  confufed  the  further  it  ^ 

is  diftant  from  us,  wre  make  this  a  Rule  of  determining  f f !l 
the  Diftances  of  Bodies,  fo  that  according  as  they  appear  of  their  Dif. 
more  or  lefs  confufed,  do  we  imagine  them  to  be  at  a taRCe' 
greater  or  lefs  Diftance. 

20.  So  likewife,  becaufe  we  have  often  obferved,  that7,0'.  befme 
an  Object  looks  of  a  brighter  Colour,  the  further  it  is  r z- fjiots  from 
moved  from  us  \  therefore  when  we  fee  an  Object  of  a  their  being 
brighter  Colour  than  it  ures  to  appear  of  when  it  is  near  j  lgjfs 
we  conclude,  that  it  is  at  a  great  Diftance  from  us. 


(l)  An  Oljebi  at  three  or  four  Feet 
Defiance)  it  is  to  be  oo.'erved,  th.it 
the  Stick  muft  not  be  thruft  directly 
upon  the  Objeit,  but  moved  ob¬ 
liquely,  in  the  lame  manner,  as  if, 
•when  a  Ring  is  turned  S.de  ways  to 


the  Eye ,  we  would  try  to  run  a 
Stick  through  it  j  as  is  juftly  re¬ 
marked  by  j \  a ibranch  in  his  En~ 
quiry  after  Truth.  Jdtok  1.  Chap.  ix« 
dehi  3, 


21,  The 
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21.7 bat  we  21.  The  Situation  is  another  Means  ftill  of  knowing 

^iDifianuby  the  Diftance  of  Obje&s.  For,  of  thofe  Things  which 
the  situation  we  imagine  to  be  lower  than  our  Eye,  we  judge  them  to 
be  fartheft  diftant  which  affedt  the  Eye  with  the  higheft 
Rays ;  and  on  the  other  Hand,  of  thofe  Things  which 
we  imagine  to  be  higher  than  our  Eye,  we  judge  them 
to  be  fartheft  diftant  which  affedt  the  Eye  with  the  loweft 
Rays. 

42.  7 be  in.  22.  Further,  the  Interpofition  of  a  great  many  other 

terpofitton  of  Qbje<fts  between  us  and  the  Objedl  we  look  at,  makes 
^fbtrBoditiy  us  think,  that  the  Diftance  is  greater  than  otherwife 
makes  us  *  we  fhould  ;  becaufe  the  Diftance  which  we  conceive 
thunknh'hf! ■  t0  betwixt  every  one  of  them,  is  the  Meafure  which 
at the  greater  we  compute  the  Diftance  of  the  Objedt  by  :  Thus 
Dijiarxe.  in  the  Inftance  of  the  Moon,  when  it  is  at  the  highejl 
above  the  Horizon,  and  we  look  at  it  through  the  Air 
only  in  which  there  are  no  other  vifible  Objedls,  we 
imagine  it  to  be  nearer  to  us,  than  when  it  rifes  or  fets*> 
becaufe  at  thofe  T imes,  there  are  a  great  many  interme- , 
diate  Objects  upon  the  Earth,  between  us  and  it. 

23.  How iv e  23.  When  we  know  the  Situation  and  Diftance  of 

‘tie  an  Objedt,  by  joining  thefe  together,  we  form  a  Judge- 

of  objects,  ment  of  the  Bignefs  of  it  j  For,  becaufe  we  imagine  the 

Extremities  of  an  Objedt,  to  be  contained  between  two 
ftreight  Lines  coming  from  the  Eye,  which  diverge  from 
each  other  in  proportion  to  their  Diftance  ;  therefore 
we  eafily  conceive  what  the  Bignefs  of  the  ObjedI  is  at 
a  given  Diftance.  So  that  if  at  any  Time  we  are  de¬ 
ceived  in  our  Judgement  of  the  Bignefs  of  any  Objedl, 
it  is  becaufe  we  are  firft  deceived  in  our  Notion  of 
its  Diftance.  Thus,  becaufe  we  cannot  truly  compre¬ 
hend  the  Diftance  of  the  Moon  or  Sun  from  us,  there¬ 
fore  no  Imagination  can  reprefent  thofe  Bodies  to  us  fo 
great  as  they  really  are. 

24.  Why  the  24.  And  this  is  fo  true,  that  the  Stars  feem  to  us 
biZlftTus  f°mewhat  larger,  when  the  Interpofition  of  vifible  Ob- 
w ben  thy  jedts  which  are  between  them  and  us,  helps  us  to  ima- 

ilo  Ixon*  S‘ne  t^ieir  £^ance  t0  he  greater  >  For  it  is  not  ow¬ 
ing  (1)  to  the  Interpofition  of  Vapours,  as  the  Ancients 

thought, 


(1)  To  the  Interpofition  of  Va. 
four  1 ,  &c.)  Since  the  Angle  under 
which  the  Moon  appears  when  in 
the  Horizon,  is  ret  greater,  than 
ordinary,  it  is  evident,  that  nothing 
ou^ht  here  to  be  a'cjibed  to  the 


Refraftion  of  the  Vapours.  And 
that  this  Angle  is  not  greater  than 
ordinary,  is  clear  ,fiom  hence ;  that 
though  every  particular  Part  of  the  ; 
Hoiizon  (as  well  the  Diftance  of 
the  Stars  from  each  other  as  the  Stars 

them  - 
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thought,  that  the  Stars  appear  of  different  BignefTes, 
as  if  the  Rays  which  came  from  the  Extremities  of  them 
to  the  Eye  of  the  Spectator,  were  by  that  means  re- 
fradfed,  fo  as  that  he  fhould  fee  them  under  a  bigger 
Angle.  For  modern  AJlronomers  who  have  meafured  the 
Angles  under  which  the  Stars  appeared,  when  they  were 
in  the  Horizon,  and  when  they  were  at  their  greateft 
Altitude  in  the  fame  Day,  ( i )  have  always  found  them 
the  fame. 

25.  It  is  to  be  obferved  alfo,  that  very  luminous  or  25»  That 
bright  Objects  muff  needs  appear  bigger  than  they  would  brlsbt 
do  if  they  were  not  fo  bright.  For  if  the  Image  which  p^iarger 
they  imprefs  upon  the  Bottom  of  the  Eye,  aftedts  not  than  they 
only  a  certain  Number  of  Capillaments,  but  fpreads  it  ou&ht  t0  da* 
felf  to  the  Extremities  of  other  Capillaments  which  are 

about  it,  it  is  the  fame  as  if  it  had  covered  them  al¬ 
fo  ;  becaufe  the  Rays  have  fo  great  a  Force  that  all 
thefe  Capillaments  are  moved  by  them,  and  not  at  all 
hind red  by  the  Motion  of  thofe  Rays  which  come  from 
the  other  furrounding  Bodies  which  affedfc  the  fame 
Part,  but  are  very  faint  ;  therefore  a  bright  Body  ap¬ 
pears  fo  much  the  bigger,  as  it  takes  up  part  of  the 
Objedf  which  is  not  fo  bright,  whofe  Rays  are  fwallowed 
up  by  it. 

26.  We  may  add  ftill  further  ;  that  the 
a  very  luminous  Body  may  be  fo  ftrong  as  to  extend  it 

felf  all  round  to  fome  Capillaments,  which  no  Rays  at  at  through 
all  come  to  from  the  luminous  Body  ;  in  which  Cafe,  12  Tekfiope, 
it  is  manifeft,  that  the  Object  muft  appear  much  bigger 
than  it  would  do,  if  its  Light  were  more  faint.  And  nifhed ,  as 
it  is  certain,  that  we  fee  the  fixed  Stars  in  this  man-  otber  obJeEbt 
ner;  becaufe  if  we  weaken  their  Adtion,  by  artificial- 
ly  contracting  the  Pupil,  and  looking  at  them  through 
a  Hole  made  in  a  Card  with  a  Needle,  (2)  they 
appear  much  lefs.  But  that  which  mcft  furprizes  thofe 

who 


Impreflion  of  26 .  Why  the 


themfelves  ;  nay  the  Stars,  when 
they  feem  to  be  larger,  feem  alio  to 
take  up  more  of  the  Space  which 
furrounds  them;)  though,  I  fay, 
every  Part  of  the  Horizon  feems  to 
be  equally  inlarged  ;  yet  the  whole 
Circle  cannot  contain  any  more  than 
360  Degrees ;  wherefore  Bodies  in 
the  Horizon  are  not  feen  under  a 
greater  Angle,  but  every  Degree  in 
the  Horizon  feems  greater  than  in 
the  Meridian* 


(1)  Have  always  found  them  the 
fame)  Nay,  they  have  found  the  Di¬ 
ameter  of  the  Moon,  when  at  the 
higheft,  a  little  bigger,  than  when 
flie  rifes  or  fets-  See  TVLalhranch' s 
Search  after  Truth.  Book  L  Chap.  ix. 
Seff.  3. 

(2)  They  appear  much  lefs)  Nay, 
that  the  fixed  Stars,  by  real'on  of 
their  immenfe  Difiance,  are  but  like 
Points  only,  except  that  their  Light 
is  a  little  dilated  by  Refraftion,  is 

evident 
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2.7.  The 
knowing  the 
Bignefs  of 
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helps  us 
much  in 
Judge  1  ng  of 
its  Dijlance. 


28.  How  we 
know  the  Fi  - 
£ure  of  an 

Qb'jctt. 


29.  Why  we 
fee  an  ObjefA 
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we  look  at  it 
with  both 
Byes, 


30-  Why  an 
ObjeB  ap - 
pears  double. 


3T.  A  no' her 
Way  to  fee 
an  Objehl 
double. 


who  fee  not  the  Reafon  of  this,  is,  that  when  we  look 
at  the  Stars  with  a  Telefcope,  they  appear  as  much  di- 
minifhed  as  other  Objedta  appear  inlarged  by  it :  and  for 
this  foie  Reafon,  becaufe  hereby  the  Force  of  their  Rays 
is  very  much  weakned. 

27.  It  is  certain  alfo,  that  as  the  Knowledge  of 
the  Diftance  helps  us  to  find  out  the  Bignefs,  fo  like- 
wife  the  knowing  of  the  Bignefs  helps  us  to  conceive 
the  Difiance.  Thus,  when  we  know  that  a.  Man  is 
about  five  or  fix  Foot  high,  when  We  fee  him  to 
appear  but  very  little,  we  conclude  him  to  be  at  a  great 
Diftance. 

28.  It  would  be  fuperfluous  to  {how  particularly  how 
we  know  what  Figure  any  Object  is  of,  after  what  has 
been  faid  concerning  knowing  the  Situation,  Diftance, 
and  Bignefs  of  its  Parts  j  for  the  Knowledge  of  its  Fi¬ 
gure  confifts  in  thefe. 

29.  Nor  is  it  difficult,  after  what  has  been  faid,  to 
give  a  Reafon  why  an  Object  appears  fometimes  fingle 
and  fometimes  double  :  for  it  is  evident,  that  an  Objetft 
muft  appear  fingle,  when  it  fo  affedls  the  Sympathetick 
Capillaments  of  the  two  Optic k  Nerves,  as  to  imprefs  (1) 
but  one  Image  upon  the  Brain. 

30.  And  this  is  confirmed  from  hence,  That  if  we 
prefs  either  of  our  Eyes  with  our  Finger,  fo  as  to  make 
it  receive  the  Image  of  the  Obje<?c  on  a  different  Part 
from  what  it  would  do  by  the  common  Motion  of  the 
Mufcles  ;  as  it  is  certain,  that  the  Images  which  are  then 
imprefted  on  the  two  Eyes,  do  not  fall  upon  the  Sympa¬ 
thetic k  Nerves ,  nor  reunite  in  the  Brain,  fo  we  cannot  fail 
to  fee  the  Object  double. 

31.  So  likewife,  if  we  look  very  intently  upon  a  par¬ 
ticular  Objedt,  and  at  the  fame  time  another  Objedt  be 
placed  nearer  or  further  off,  which  confequently  cannot 
imprefs  its  Image  on  the  Sympathetick  Capillaments  of  the 
two  Optick  Nerves ;  in  this  cafe  it  muft  imprefs  two  I- 
mages  on  that  Part  of  the  Brain  which  is  the  immediate 


evident  from  hence,  that  when  they 
arc  about  to  be  eclipfed  by  the 
Moon  j  when  they  enter  into  its  Bo¬ 
dy,  their  Light  does  not  decreale 
giadual  y  (as  that  of  the  Planets  does) 
but  van.fhes  all  at  one e*  and  at  the 


End  of  the  Eciipfe  it  appears  again 

all  at  once. 

(1)  But  one  Image  upon  the 
Brain )  See  th;  Notes  on  Chap.  xxxi« 
Art.  ZQs 


Organ 
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Organ  of  Vifion,  and  therefore  (1)  it  muft  be  feen 
double. 

32.  Having  feen  how  we  come  to  know  the  Situa¬ 
tion,  Diftance,  Magnitude,  and  Number  of  Objects  by 
our  Sight  ;  nothing  more  remains  but  to  examine  how 
we  know  whether  they  be  in  Motion  or  at  Rejl.  Now  it 
is  not  difficult  to  conceive,  that  we  know  a  Body  to  be 
in  Motion  ;  firft,  when  its  Image  appears  fucceffively 
applied  to  different  Images  of  certain  Objects,  which 
we  do  not  compare  with  any  other,  but  imagine  to  be 
immoveable  ;  or  when  we  find  that  we  muff  turn  our 
Head  or  our  Eyes  in  order  to  have  the  Objedf  always  at 
the  End  of  the  Line  along  which  we  carry  our  principal 
Attention  ;  or  laftly,  when,  if  we  move  neither  our 
Eyes  nor  our  Head,  wre  find  it  is  gone  out  of  that  Line. 
The  contrary  to  all  which  makes  an  Object  appear  to  us 
to  be  at  reft. 


(1)  It  muft  be  feen  double)  It  may 
be  further  obferved  here,  that  if  the 
Object  now  mentioned  ,  be  placed 
beyond  the  Point  where  the  Optical 
*r  k  vit  Axes  meet,  it  will  then 
_.a  '  *  appear  double  in  fuch  a 

Z'  manner,  that  of  the  two 
Images,  that  which  is  on  the  right 
Hand  is  feen  with  the  right  Eye,  and 
that  on  the  left  Hand  with  the  left 
Eye  ;  but  if  the  Objedt  be  on  this 
Side  that  Point,  then  the  Image 
which  is  on  the  right  Hand  will 
be  feen  with  the  left  Eye  ;  and  the 
Image  on  the  left  Hand  with  the 
right  Eye,  The  Reafon  of  which 


is,  becaufe  in  the  former  Cafe  the 
Object  imprefles  its  Image  on  HIK. 
the  left  Side  of  the  right  Eye,  and 
therefore  is  feen  by  it  on  the  right 
Hand,  and  on  the  EFG  the  right 
Side  of  the  left  Eye,  and  therefore 
is  feen  by  it  on  the  left  Hand  j  In 
the  latter  Cafe  it  imprefles  its  Image 
on  KLM  the  right  Side  of  the  right 
Eye,  and  therefore  appears  to  it  on 
the  Left  Hand  }  and  on  CDE  the 
left  Side  of  the  left  Eye,  and  there¬ 
fore  appears  to  it  on  the  right  Hand. 

What  furprixing  1 L'bingt  follow 
from  this  Obfervation ,  may  be  feen 
in  the  Notei  on  the  following  Chapter  % 


Vol.  L 


S 


CHAP. 


257 


31.  How  we 
perceive  Mo , 
tion  and  Reft, 


RO  H  AULT's  System 


Part  I 


J .  That  cur 
Opinion  a- 
bout  Vijion 
may  be  con¬ 
firmed  by  the 
Examination 
of  different 
Sorts  of  Per - 
fpeflive- 
Glaffts  and 
Looking- 
Giaffcs. 

2.  Why  an 
ObjeSl  is 
multiplied 

when  looked 
at  through  a 
multiplying * 
Glafs. 

Tab.  VIII. 


CHAP.  XXXIII. 

Of  DIOPTRICKS. 

T  N  order  to  prove  the  Truth  of  fome  of  thofe  Sup- 
“*•  pofitions  which  we  have  made  about  Vifion  ;  we 
ought  now  to  confider,  whether  or  no  all  thofe  T hings, 
which  upon  thefe  Suppofitions  ought  to  come  to  pafs, 
when  we  look  through  different  Sorts  of  PerfpeClive- 
Glaffes  or  upon  Looking-Glaffes,  be  agreeable  to  Expe¬ 
rience  ;  for  this  will  be  a  great  Proof  of  the  T ruth  of 
thofe  Suppofitions. 

2.  We  will  begin  with  PerfpeCtive-Glafies,  and  firft 
let  us  confider  that  Sort  called  Multiplying- Glajjes ,  fuch 
as  that  in  the  Figure  ABCD.  Now  it  is  evident  in  the 
firft  Place,  that  without  this  Glafs,  the  Eye  E  would  fee 
the  ObjeCI  F,  by  means  of  the  Rays  which  come  fro,m 
F  to  G;  and  becaufe  the  Superficies  BC  is  here  parallel 
to  the  Superficies  AD,  which  is  oppofite  to  it,  and  there¬ 
fore  the  Refraction  which  the  Rays  fuffer  when  they 
enter  into  the  Glafs,  is  deftroyed  by  the  Refradion  made 
at  their  coming  out  j  it  follows,  that  the  Eye  ought  not¬ 
withstanding,  to  receive  the  Impreffion  of  the  Object  in 
the  fame  Place  G,  where  it  would  have  received  it  if 
there  had  been  no  Glafs  ;  and  for  this  Reafon  it  ought 
ftill  to  fee  the  ObjeCt  in  F.  It  is  alfo  certain,  that 
the  ObjeCt  F,  would  make  an  Impreffion  upon  an  Eye 
placed  in  N  by  the  Rays  which  it  would  fend  thither, 
if  there  were  no  Glafs  between  ;  but  becaufe  thefe  Rays 
now  meet  with  the  Superficies  AB,  by  which  they  are 
fo  refraded,  that  when  they  come  out  of  the  Glafs, 
they  enter  into  the  Pupil  of  the  Eye  E,  and  afterwards 
go  on  in  fuch  a  Manner,  as  to  fall  upon  that  Part  of 
the  Bottom  of  the  Eye  marked  I,  where  they  imprefs 
fuch  an  Image  as  an  ObjeCI  placed  in  M  would  do  ; 
therefore  this  caufes  the  Eye  at  the  fame  Time  that  it 
fees  the  ObjeCt  F  in  its  true  Place,  to  fee  it  alfo  in  M. 
So  likewife  the  Rays  which  would  excite  Vifion  in  the 
Eye,  if  it  were  placed  in  O,  and  no  PerfpeCtive-Glafs 
intervened,  being  in  this  Cafe  refraded  by  the  Super¬ 
ficies  CD,  fo  as  to  imprefs  an  Image  of  the  Objecd  F 
on  the  Part  of  the  Eye  marked  H,  where  an  ObjeCl 

placed 
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placed  in  E  would  make  its  Impreffon  if  there  were 
no  Glafs;  U:  follows,  that  the  Eye  E  ought  to  fee  yet 
another  Object  F  in  L.  In  a  Word,  it  is  eafy  to  infer, 
that  the  Eye  muft  fee  the  Object  F  in  all  thofe  Pla¬ 
ces,  where  the  ftreight  Lines  terminate,  which  coming 
from  the  Pupil,  pafs  through  the  feveral  Sides  of  the. 

Glafs,  by  which  the  Rays  of  the  Object  are  fo  re¬ 
traced  as  afterwards  to  make  an  ImpreiHon  of  it  upon 
the  Retina . 

3.  I  have  nothing  further  to  add  to  this,  but  only  that  3’  {t 
fometimes  the  Obje<ft  when  looked  at  through  the  Sides 

AB,  CO,  may  appear  differently  coloured  from  what  it  loured . 
does  when  looited  at  through  the  Side  BC  ;  the  Reg. (on 
of  which  is,  becaufe  the  Rays  which  come  from  the  Qb~ 
jeC  through  the  Sides  AB,  CD,  are  refraCed  pretty 
much  in  the  fame  manner,  as  they  are  by  a  Prifm>  w  hich 
has  been  explained  before. 

4.  Let  us  now  examine  a  convex  Glafs  fuch  as  that  4 ,bow  Ray» 
in  the  Figure  CDEF.  Now  it  is  to  be  obferved,  that that  c°mc 
as  it  is  the  Property  of  this  Glafs  to  colleC  into  a  Point 

the  Rays  which  fall  parallel  upon  it  ;  fo  is  it  the  Pro-  are  refra &- 
petty  of  it,  to  colleC  into  a  Point,  likewife  the  feveral ed  ™  PalFinZ 
Rays  that  fall  upon  it  from  any  fingle  Point  of  an  Ob- 
ject,  with  this.  Condition,  that  the  Point  wdiere  they  are  Tab.  x. 
reunited  is  fo  much  the  further  diftant  from  the  Glafs, 
as  the  Point  from  which  the  Rays  feparate  is  nearer  to 
it ;  and  this  latter  Point  may  be  fo  near,  that  the  Rays 
which  proceed  rrom  it,  may  never  be  reunited  at  all, 
but  become  parallel  or  fomewhat  diverging  when  they 
come  out. 

5.  i  his  being  fuppofed,  if  the  ObjeC  AB  be  at  a  pror-  5*  a 
per  Di (lance  from  the  Glafs,  all  the  Rays  which  come  cfff* ma 
from  every  Point  of  this  ObjeC,  may  be  reunited  again  make  the  * 
in  as  many  other  Points.  For  inftance,  the  Rays  which  lrfia,e  °f  tkt 
come  from  the  Point  A  may  be  collected  together  in  H,  rftjf  c°n‘ 
and  thofe  which  come  from  the  Point  B,  may  be  col¬ 
lected  together  in  G.  Now  it  the  Eye  were  placed  in 

the  Point  I,  it  is  certain,  that  becaufe  the  Rays  which 
convey  the  Image  to  it  from  every  Point  are  converging, 
that  is,  enter  into  the  Eye  with  a  Tendency  to  unite  toge¬ 
ther  ;  therefore  I  fay  it  muft  neceftarily  be,  fince  the  Re¬ 
fractions  of  the  three  Humours  of  the  Eye  are  made  in 
the  ulual  manner,  that  by  means  hereof  thefe  Rays  muff 
unite  together  fomewhat  nearer  to  the  Chryftalline  Hu¬ 
mour  than  they  would  cth^rwife  have  done.  Wherefore 

V  O  L.  L  S  2 
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if  this  Eye  be  the  Eye  of  a  young  Man ,  which  cannot 
flatten  it  felf  beyond  what  is  requifite  to  fee  Obje£b  di- 
ftin&ly,  whofe  Rays  fall  upon  it  as  it  were  parallel  ;  it  is 
evident,  that  fuch  a  Perfon  will  fee  Obje&s  fo  much  the 
more  confufedly  as  the  Rays  which  fall  on  the  Eye  have 
a  greater  Tendency  to  unite  together  more  on  this  Side 
the  Retina. 

^maklTold  6.  But  if  it  be  the  Eye  of  an  Old  Man ,  which  by  the 
j 4e»/emore  common  Decay  of  Age  is  become  flatter  than  the  Eyes 
dijiinsi.  Gf  other  Men ;  becaufe  the  Reafon  of  fuch  a  Perfon’s 
feeing  Objefts  confufedly  is,  that  the  Rays  which  come 
from  any  Point  in  an  Objedl  are  not  reunited  when  they 
come  to  the  Retina ,  which  they  fall  upon  fooner  than 
they  fhould  do,  therefore  a  Convex- Glafs  makes  them 
fee  dijlinftly ;  for  it  makes  the  Rays  more  converging, 
and  fo  helps  the  Humours  of  the  Eye  to  reunite  them  juft 
when  they  come  at  the  Retina. 

7*  why  it  j.  'The  Di/lance  of  an  Objeft  looked  at  through  fuch 
'appear  a  Glafs,  ought  to  appear  greater ,  becaufe  the  Difpofition 
at  a  greater  of  the  Rays  which  come  from  any  Point  is  fuch,  as 
Dijlance,  caufes  the  Eye  to  put  it  felf  into  fuch  a  Figure,  as  occa- 
fions  the  Mind  to  imagine  the  Diftance  greater.  And 
this  is  the  Reafon  ( i )  why  we  think  the  Obje&  to  be 
further  off,  if  we  be  not  prejudiced  before-hand  in  our 
Opinion  of  the  Place  where  it  really  is. 

8.  As 


(l)  Why  •we  think  the  ObjeB  to  be 
further  off)  Here  the  famous  Dr. -Sor¬ 
row  propofes  a  veiy  great  Difficulty 
in  his  Optical  LeBures,  viz  the  j8. 
towards  the  End.  However,  fays  he, 
J  will  not  leave  off ,  till  I  have  propo¬ 
sed  to  you  a  very  great  Difficulty  ( out 
of  the  Sincerity  I  owe  to  you,  and  to 
*Trutb ,  by  no  means  to  be  diffembled) 
which  is  contradictory  to  that  Opinion 
which  I  have  been  recommending  to 
you ,  at  leaf  cannot  be  Jolved  by  it. 
It  is  briefly  this.  Let  the  Point  A 
be  expofed  to  the  Lens 
Tab.  X.  CDEF,  at  fuch  a  Di¬ 
ftance,  that  the  Rays  may 
he  fo  bent  as  to  tend  towards  uniting 
fomewbere  in  the  Axis  HD,  and  let 
the  Point  II  be  the  Place  where  they 
meet,  or  the  Image  of  the  Point  A  at 
we  have  all  along  before  affer  ted,  viz. 
the  Focus ;  between  tbit  Point  and 
the  Glaji  V,  let  us  fvppfe  the  Eye  to 
be  any  where  placedt  I  ask,  in  what 
Place  ought  the  Point  A  to  appear 


to  be>  In  the  Nature  of  Things  it 
cannot  be  feen  behind  at  the  Point 
II  ( becaufe  every  Impreffion  that  af- 
feBs  the  Senfe,  comes  from  the  ofpo- 
fite  Part ,  viz.  A)  and  it  is  contrary 
to  Experience  aljo.  Now  it  feems  to 
follow ,  from  the  Do  Brine  we  have 
laid  down,  that  it  fhould  appear  to 
be  before  us,  and  at  the  great  eft  Di¬ 
ftance  poffible  (a  Difiance  exceeding 
any  that  we  can  imagine .)  For  the 
left  diverging  the  Rays  that  come 
from  any  ObjeB  are,  fo  much  the  fur¬ 
ther  diftant  do  we  conceive  it  to  be 
( if  we  be  not  prejudiced  concerning 
its  Diftance  before- band  })  and  that 
OljeB  which  fends  forth  parallel  Rays 
we  imagine  to  be  the  moft  diftant 
that  can  be.  In  Reafon  therefore , 
tne  Would  think,  that  when  the  Ray  s 
come  from  the  ObjeB  converging,  it 
frjould  appear ,  if  it  were  pffble,  at 
a  greater  Dtjlance  yet.  But  in  this 
Cafe  it  may  be  asked  in  general, 
what  is  it  that  determines  the  ap¬ 
parent 
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8.  As  to  the  Situation,  that  will  appear  the  fame  as  u- 
fual,  and  the  fame  as  if  we  look  at  the  Object  without  obje&'ap- 
the  Glafs,  becaufe  the  Eye  fees  the  right  Side  of  the  pear  i»  its 

Object true  Situa* 


sion . 


parent  place  of  the  Point  A,  and 
makes  it  appear  Jbmetimes  nearer , 
and  fometimes  further  off,  and  al¬ 
ways  in  the  fame  Proportion.  To 
which  Scruple  we  can  give  no  An - 
fwer  from  the  Analogy  of  any  Thing 
that  hat  been  hitherto  faid ,  only  that 
the  Point  A  ought  always  to  appear 
to  be  at  the  greatefi  Dijlance .  But 
Experience  Jhows  the  contrary ,  viz. 
that  it  appears  at  different  Difian- 
ces,  according  to  the  different  Pojition 
of  the  Eye  between  the  Points  F  and 
H,  and  fcarce  ever  (if  at  all)  at 
a  further  Dijlance  than  the  Point  A 
really  is  ;  but  many  times  it  appears 
much  nearer  j  nay ,  the  more  the 
Rays  which  come  to  the  Eye  con¬ 
verge,  the  nearer  the  Image  of  the 
Objeft  approaches.  Thus ,  if  the  Eye 
be  placed  in  the  Point  V,  the  Point 
A  will  feem  to  be  very  nearly  in  its 
true  Place  j  if  the  Eye  be  moved 
backward  to  T,  tbe  Image  will  feem 
to  approach  nearer  ;  and  it  will  ap¬ 
pear  Jlill  nearer ,  if  the  Eye  be  in  I 
or  L,  and  fo  by  degrees  till  tbe  Eye  be 
placed  fomtwhere  near  H,  where  the 
ObjeEl  will  appear  very  near ,  and  be¬ 
gin  to  vanifh  confufdly-  All  which 
’feem  to  contraditi  our  Arguments  and 
0 pinions ,  or  at  leaf ,  do  not  very  w.  ll 
agree  with  them.  And  this  Expe¬ 
riment  not  only  contradicis  our  No¬ 
tion,  but  all  other  that  I  know  of, 
equally.  It  feems  fo  mqch  to  over¬ 
throw  that  antient  and  common  one, 
which  is  more  a-kin  to  curs  than 
any  other,  that  tbe  learned  Tacquett 
was  forced  by  it  to  renounce  that  Prin¬ 
ciple,  (upon  which  alone,  almoft  all 
his  Catoptricks  depend )  as  uncertain, 
and  not  to  be  depended  upon,  where, 
by  be  overthrew  hit  own  DoHrine. 

- In  the  prefent  Cafe  (here  is 

fomething  that  lies  deep  bid  m  the 
Subtlety  of  Nature,  which  perhaps 
cannot  be  difeovered,  till  we  under- 
dand  tbe  Nature  of  Vi  [ion  more  per¬ 
fectly.  Concerning  which,  I  confefs, 
/  have  not  yet  been  able  to  think  of 
any  Thing  to  flatter  my  fef  W'th, 
much  left  to  give  my  J elf  entire  Satis¬ 
fy  Hi  on.  I  therefore  leave  this  Dif¬ 
ficulty  With  you,  and  wifh  you  better 


Succefs  in  folving  it.  Thus  far  the 
famous  Dr  Barrow. 

And  indeed  it  muft  be  acknow¬ 
ledged,  that  there  is  a  very  great 
Difficulty  here.  For  it  is  evident, 
that  a  Candle,  the  Rays  coming  from 
which,  are  collected  together,  and 
made  to  converge  by  a  convex  Glafs, 
however  near,  we,  by  a  furprizing 
Miftake  in  our  Judgement,  conceive 
it  to  be,  does  notwithftanding  affeCt 
the  Eye  when  it  is  placed  in  I  or  L, 
exactly  in  the  fame  manner,  as  it 
woo  Id  do,  if  thofe  very  Rays  came 
indeed  from  an  infinite  Diftance,  as 
will  appear  by  the  following  Obfer- 
vations. 

Firfif  If  the  Len9  be  fo  broad, 
that  we  can  fee  the  Candle  through 
it  with  both  Eyes  at  the  fame  time, 
though  we  endeavour  sll  we  can  to 
make  our  Optical  Axis  diverge  to  a 
diftant  View,  yet  the  Candle  will 
never  appear  fingle,  but  always  dou¬ 
ble  j  in  fuch  a  manner  double,  that 
of  the  two  Images  of  the  Candle, 
the  right  Hand  one  will  appear  on 
the  right  Hand,  and  the  left  Hand 
one  on  the  left  Hand.  Whence  it 
is  moft  manifeft,  that  the  Place  from 
whence  we  ought  to  judge  the  Rays 
come,  is  beyond  that  where  the  op¬ 
tical  Axes  meet,  be  it  at  never  fo 
great  a  Diftance :  that  is,  the  Can¬ 
dle  will  affeCt  the  Eye  in  the  fame 
manner  as  if  it  were  at  an  infinite 
Diftance.  See  tbe  Notes  on  Chap. 
xxxii.  Art.  31. 

Neither  can  it  be  faid  here,  that 
the  Candle  is  not  therefore  feen  dou¬ 
ble,  becaufe  it  is  fecn,  as  it  were,  at 
an  infinite  Diftance  5  but  that  it  is 
only  an  accidental  Thing,  and  effect¬ 
ed  by  the  Inte:  pofition  of  the  Glafs. 
For  if  we  look  through  a  concave 
Glafs,  it  does  not  appear  double  j 
and  it  may  be  feen  fingle  through  a 
Convex- Glafs,  if  either  the  Eye  or 
the  Candle,  be  fo  near  the  Glafs, 
tha«-  the  Rays  fall  upon  the  Eye, 
not  converging,  but  only  lefs  diverg¬ 
ing;  in  which  Cafe,  fuch  Glaffes  are 
of  great  Ufe  to  render  the  Sight  more 
diftinct. 

S  3 


Second'y , 
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Objeci  B,  by  means  of  the  Ray  VI,  which  is  on  the 
right  Hand  of  the  Ray  SI,  by  means  of  which,  it  fees 
the  left  Side  A. 


Secondly,  The  Reafonof  the  Ap¬ 
pearance  cf  a  Car.d  e  in  this  manner 
when  looked  at  through  a  convex 
Gla's,  is  exactly  the  fame,  as  that 
cf  a  Candle  feen  erect  when  the 
Rays  are  reflected  by  a  concave 
Looking  GJals.  In  both  Cafes  the 
Rays  are  converging  ;  in  both  Cafes 
the  Object  feems  equally  near.  Now 
in  a  concave  Glafs,  if  when  the  I- 
mage  is  feen  ere£t  behind  the  G'afs, 
A  Stick  era  long  Reed  be  fo  put  be¬ 
tween  the  Candle  and  the  Superfi¬ 
cies  of  the  Glafs,  as  to  ftand  per- 
perdicujir  to  the  Glafs,  the  Image 
of  that  Stick  ought  to  appear  of 
an  infinite  Length  behind  the  Glafir 
( as  'lacquett  has  demonfltated  in 
his  Catoptricks,  Book  III.  Prop  zz. 
and  as  the  1  hirg  it  fetf  fin  ws  us)  $ 
and  yet  the  Imsge  of  the  Cand  e 
muft  neceftarily  appear  beyond  the 
Image  of  this  Stick  3  however  near 
therefore  we  ,  thtough  Pr<  judice, 
judge  the  Image  of  the  Candle  to 
be  when  alone,  it  is  yet  evident, 
that  it  does  really  afle&  the  Eye,  as 
if  there  were  an  infinite  difiance  be¬ 
tween.  And  the  fame  mull  be  fa  d 
of  a  convex  Glafs. 

Now  here  is  the  great  Diftxul-y 
( as  the  learned  Perfon  before-men¬ 
tioned  cbferved)  how  it  ccmes  to 
pafs,  th*t  when  the  Rays  fall  up¬ 
on  the  Eye  as  if  thry  came  really 
from  an  infinite  Diftar.ce,  yet  the 
Cardie  d<  es  not  feem  ( as  one  wcu  d 
expedl )  to  be  as  remote  as  ptfii- 
b'e,  but  always  very  near,  thoi  gh 
fometirnes  oeaier  than  other,  and 
that  ia  a  certain  and  confiant  Pro¬ 
portion. 

Now  havirg  confidercd  this  Dif¬ 
ficulty  on  a  1  S’des,  I  at  laft  fcui  d 
out  the  oil.  wing  Solution  of  this 
furpr  zing  Pcasnomenon. 

Ft) ft,  Bfcaufe  w  e  cannot  judge  cf 
the  Difi 'nee  of  the  Candle  by  the 
meeting  of  the  c  pf.ical  Axis  (for 
in  this  Ca  e,  thofe  Axis  caw  never 
mei  t  at  all  it  the  Candle,  as  w.*s 
before  demonftrated  3 )  and  becaufe 
the  Judgement  which  we  make  of 


the  Difiance  of  Objects  by  one  Eye 
only,  is  always  the  worft  and  moft 
uncertain,  and  becaufe  the  true  Di- 
fianre  of  the  Candle  is  known  be¬ 
fore  3  therefore  from  Prejudice  and 
Prepofieflion,  it  muft  aiways  feem 
to  b e.  pretty  near  to  us.  To  which 
we  may  add,  that  we  cannot  by  our 
Sight  perceive  any  Diftance,  how 
great  foever  it  be,  if  there  be  no- 
thirg  in  the  intermediate  Space: 
Thus  the  Body  of  the  Sun,  though 
we  vety  well  know,  that  it  is  at 
an  immenfe  Diftance  from  us,  yet 
it  feems  very  near  3  and  were  it 
not  that  we  imag;ne  to  our  felves, 
from  the  Concavity  of  the  Heavens, 
a  certain  Radius  of  a  Ipheie,  we 
fhould  think  it  ftill  much  nearer. 
Thus  if  we  look  at  the  Sun  thro’ 
a  very  long  Tube,  which  hinders 
cur  :eeir.g  any  other  Bodies,  it 
ftems  to  be  at  the  End  of  the 
Tube. 

Secondly,  It  ought  alfo  to  appear 
fometirnes  nearer  than  other ,  and  that 
in  a  certain  and  confiant  Propor¬ 
tion.  For  when  the  Eye  is  placed 
near  the  Glafs,  as  in  V,  the  Candle 
feems  further  oft  (  as  by  the  Laws 
cf  Opticks  it  ought  to  do  )  than  it 
docs  with,  utthe  Glafs  5  now  if  the 
Eye  be  removed  backward  gradual¬ 
ly,  the  common  Refra&ion  of  the 
Rays  will  be  fuch,  that  the  Candle 
miift  r.eceflarily  feem  larger  and 
brighter,  in  the  fame  Proportion  as  ' 
the  Eye  recedes  from  the  Glafs. 
Now  this  Largenefs  and  Brightnels 
is  the  Reafon  why  it  feems  neaicf 
ar.d  almc  ft  clofe  to  the  Eye. 

And  1  h  s  is  confiirmd  from  hence, 
that  if  the  Rays  of  the  Candle  are 
firft  tranimitted  through  a  corcave 
Glafs  ( that  the  Bignefs  and  Bright- 
Rtfs  if  it  rmy  be  dimirrflred  )  and 
then  by  pafting  through  a  convex 
G  afs  they  be  made  to  converge  (  as 
when  we  lock  through  an  inverud 
Telescope  of  two  Giaftes)  then  we 
eafily  imagine  the  Candle  to  be  at 
a  ve.y  great,  and  almc  ft  infinite 
D  firnce. 


9.  But 
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9.  But  this  Objedt  will  appear  fojnewhat  bigger  ^  becaufe  9-  wh  , 
the  Rays  VI,  SI,  as  they  enter  into  the  Eye,  are  inch-  ^ 
ned  to  each  other  with  a  larger  Angle,  than  they  are  be-  pear  bigg* „ 
fore  they  were  refradted  by  the  Glafs,  fo  that  they 
feeming  to  come  from  the  Places  2  and  3,  imprefs  an 

Image  of  the  Objedt  upon  the  Eye  as  big  as  if  they  pof- 
fdTed  all  the  Space  between  2  and  3. 

10.  If  the  Eye  be  placed  in  L,  the  Rays  which  come  10.  How  it 
to  it  from  any  Point  are  Hill  more  converging ;  and  may  make 
therefore  if  the  Sight  were  confufed  before,  it  will  be  ^pp^fiii 
much  more  fo  now.  And  becaufe  the  Rays  XL,  and  TL,  bigger  and 
which  come  from  the  two  Points  A  and  B  of  the  Objedh,  more  con‘ 
make  a  Hill  greater  Angle  than  SI,  VI,  they  mult  make^h,*  x> 
the  Objedt  appear  yet  bigger.  Whence  it  fhould  feem 

to  follow,  that  the  Vifion  fliould  not  be  fo  clear,  but 
more  obfeure,  becaufe  the  Rays  which  imprefs  the  Image 
of  the  Objedh  on  the  Eye  taking  up  a  larger  Space  up¬ 
on  the  Retina ,  each  Capillament  of  the  Optick  Nerve 
receive  fewer  of  them  in  Proportion  :  However  it  is 
certain,  that  we  can  then  fee  as  clearly  as  if  the  Image  of 
the  Objedh  were  fmaller.  For  there  are  a  great  Num¬ 
ber  of  Rays,  which  come  from  every  Point  and  are 
difpofed  by  the  Glafs  to  reunite,  that  enter  into  the 
Pupil  when  it  is  fo  placed  as  to  fee  the  Objedh  very 
large,  than  when  it  is  placed  where  the  Objedh  appears 
fmaller. 

11.  So  likewife  if  the  Eye  be  placed  inY,  the  Objedh 

ought  to  appear  very  bright  and  clear ,  becaufe  all  th tbe  Obje& 
Rays  which  come  from  any  Point  of  the  Objedt,  and  appear 
fall  upon  the  whole  Superficies  of  the  Glafs  do  then  ccn * 

ter  into  the  Pupil  ;  but  it  muff,  notwithffanding  this, 

appear  very  confufed ,  becaufe  the  Rays  being  already  col- 
leafed  together  when  they  are  about  to  enter  into  the 
Eye,  (1)  are  refracted  afterwards  by  the  feveral  Humours 
of  it,  and  are  by  that  means  difperfed  again ;  fo  that 
thofe  which  come  from  the  fame  Point  of  the  Objedt, 
imprefs  an  Image  on  a  great  many  of  the  Capillaments 
of  the  optick  Nerves,  upon  which  the  Rays  which  come 
from  other  Neighbouring  Points  imprefs  their  Image 
alfo,  and  this  makes  the  Image  of  the  Objedf  wholly 
confufed, 

(i)  Are  refraEied afterwards )  Are  difperfed  again  when  they  ccme  at  the 
Bottom  of  the  Eye. 

S  4 


12.  If 
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12.  How  it 
may  make  the 
Image  ap¬ 
pear  in¬ 
verted, ,  and 
confuted. 
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12.  If  the  Eye  be  placed  in  M,  the  Obje&  muft  ne- 
cefTarily  appear  inverted ;  for  we  fee  the  left  Side  A  by 
means  of  the  Ray  HM  which  is  on  the  right  Side  of 
GM,  by  which  we  fee  the  right  Side  of  the  Objedd. 
It  muft  alfo  neceftarily  appear  confufed ;  as  well  becaufe 
the  Rays  which  come  from  any  Point,  as  A,  cannot  be 
exaddly  collected  together  at  all  beyond  the  Glafs,  fo  that 
the  Eye  cannot  put  it  felfinto  any  Figure  which  will  re¬ 
unite  all  the  Rays  that  come  from  H ;  as  becaufe  when 
the  Rays  really  come  from  H  as  from  one  Point  only, 
they  fall  fo  diverging  upon  the  Eye,  that  it  cannot 
lengthen  it  felf  enough  to  reunite  them  upon  the  Retina . 
The  Firft  of  thefe  Two  Reafons  {hows  us,  that  in  this 
Cafe  it  is  impoflible  for  the  Eye  to  judge  what  Diftance 
the  Objedd  is  at ;  and  ( 1 )  that  it  feems  in  that  Place  in 
which  we  before-hand  imagine  it  to  be. 

i3.  if 


ft)  That  it  feems  in  that  Place.) 
Here  we  meet  with  another  Diffi¬ 
culty,  concerning  the  Place  in  which 
the  Image  ought  to  appear,  almoft 
as  great  as  the  former,  which  Mr. 
Decbales  prcpofes  in  this  Manner, 
Book  II  Prop.  II.  of  bis  Dicptricks. 
There  is ,  fays  he,  always  a  very  great 
Difficulty  in  explaining  the  Manner 
bow  the  Eye  fee s  the  Place  of  the 
Objehl,  but  in  this  Cafe 
Tab.  X.  there  is  a  very  particular 
Difficulty ,  becaufe  Reafon 
and  Experience  do  not  fern  to  agree 
together ,  nay ,  tbe  Experience  here  is 
contrary  to  other  Experiments  alfo. 
For  it  is  evident  from  Experience , 
that  the  Objehl  AB  is  not  feen  in 
ike  Place  of  its  Image ,  viz.  in  GTH , 
when  tbe  Eye  is  placed  in  M,  for  I 
have  tried  ' I  hat  a  hundred  'limes , 
end  turned  tbe  Glaffes  all  W ays  in 
o*der  to  find  if  I  could  pojfibfy  make 
it  faceted  fo.  However,  according  to 
Reafon,  it  ought  without  all  Doubt  to 
be  (cen  in  tbe  Place  of  tbe  Image,  viz. 
r.«*  GTH ■  For  when  tbe  Obfpl  AB 
effecis  tbe  Eye  by  tbe  Rays  of  its 
Image,  it  Jhould  feem  as  if  it  ought 
fo  to  affici  tbe  Eye  as  if  it  were 
in  GTH.  For  if  tbe  Point  A,  for 
Infante,  were  in  H,  it  would  fend 
forth  Rays  from  H  to  tbe  Eye  in  M  j 
and  though  it  be  in  its  proptr  Place 
7M.  in  toe  Poi-nt  A,  yet  it  fends 


forth  Rays  in  the  fame  Manner  as  if 
they  came  from  the  Point  H $  therefore 
it  feems  as  if  it  Jhould  affeEl  tbe  Eye  in 
the  fame  Manner  as  if  it  were  in  tbe 
Point  H. 

To  this  Difficulty,  this  famous 
Perfon  anfwers,  That  the  Pody  AB 
is  indeed  really  feen  by  the  Eye  M 
in  the  Place  of  its  Image  GYHj  but 
becaufe  it  can  be  feen  only  by  one 
Eye  at  a  Time,  therefore  by  a  mi- 
flakcn  Judgement,  we  imagine  it  to 
be  farther  from  us.  Thus  far  He. 

I  have  oftentimes  fo  ordered  the 
Glafs,  that  the  Object  AB  (which 
ought  to  be  a  Candle)  may  be  feen 
with  both  Eyes  N  and  P  at  the 
fame  Time.  If  it  be  a  very  large 
Glafs  the  Candle  may  very  eafily  be 
feen  with  both  Eyes  at  the  fame 
Time. 

Having  therefore  made  exa&  Ob- 
fervation  of  this  Matter  through  fuch 
a  Glafs,  I  affirm,  that  the  Body  AB 
is  feen  by  the  Eyes  NP  exactly  in  the 
Place  of  its  Image  GYH  j 
For  if  the  optical  Axes  Tab.  X. 
be  fo  dire&ed,  as  to  meet 
in  the  Superficies  of  the  Glafs,  the 
Candle  will  always  be  feen  double, 
and  in  fuch  a  Manner  double,  that 
the  right  Haftd  Image  is  feen  by  the 
left  Eye,  and  the  left  Hand  Image 
by  the  right  Eye.  Whence  it  is  moft 
manifeft,  that  the  Image  is  placed 
'  •  1  within 
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13.  If  the  Eye  be  fuppofed  in  N,  the  Second  of  thefe  How 

Reafons  will  not  take  Place,  and  therefore  the  Objedt the  ohl*® 
ought  to  be  feen  a  little  more  diftinfl,  but  always  in-  inverted  and 
•verted ,  for  the  Reafon  above-mentioned.  And  as  to  kficonfo* 
the  Bignefs  of  it,  we  judge  of  that  by  the  Largenefs  oi^ed% 

the  Angle  made  by  the  Rays  which  come  from  the  Ex¬ 
tremities  of  the  Objedt,  at  their  Entrance  into  the  Eye, 
compared  with  the  Diftance  which  we  imagine  it  to  be  at. 

But  it  muft:  not  here  be  omitted,  that  the  Spaces  OP 
and  QR,  through  which  the  Rays  which  come  from  each 
Extremity  of  the  Objedf  diffufe  themfelves,  is  fo  much 
the  greater  as  it  is  further  diftant  from  Y,  where  the 
Rays  which  come  from  every  Point  of  the  Objedt  meet. 

And  this  makes  the  Space  QP,  where  the  Eye  receives 
the  Imprefiion  of  the  two  Extremities  A  and  B  at  the 
fame  Time,  to  be  fo  much  the  bigger  alfo  ;  fo  that  there 
is  a  large  Space  for  the  Eye  to  move  about  in,  where  it 
will  always  fee  the  whole  Objedf. 

14.  Hitherto  we  fuppofed  the  Objedt  to  be  fo  far  re-  14.  How  it 
moved  from  the  convex  Glafs,  that  the  Rays  coming  ™yabJmade 
from  it  might  eafily  be  reunited  in  the  Bottom  of  the  vetydijiwfi. 
Eye ;  let  us  now  fuppofe  it  fo  near  the  Glafs,  that  the 

Rays  which  come  from  any  one  Point  of  it,  have  no 
T endency  towards  uniting  together,  after  they  are  pafled 
through  it,  but  are  only  made  much  lefs  diverging  than 
they  were  before  :  Let  us  fuppofe  alfo,  the  Eye  to  be  at 
fuch  a  Diftance  from  the  Glafs,  that  the  Refradtions  which 
are  made  at  the  Entrance  into  each  of  the  Humours  be 


fuch,  as  will  caufe  the  Rays  which  come  from  any  An¬ 
gle  Point  of  the  Objedl,  to  unite  again  in  one  Point  up¬ 
on  the  Retina  ;  in  this  Cafe  it  is  evident,  that  the  Vifion 
muft  be  exceedingly  diftintt.  For,  befides  that  the  Rays 
which  come  from  different  Points  of  the  Objedf,  do  not 
at  all  confound  each  other,  the  whole  Image  imprefled 
by  them  is  fo  large,  that  there  is  a  fufficient  Number 
of  Capillaments  of  the  Optick  Nerve,  to  caufe  the  Soul 
to  perceive  a  great  many  Particulars,  which  it  would 


within  the  Place  of  Concourfe  of  the 
optical  Axes,  that  is,  between  the 
Glafs  and  the  Eye,  viz.  in  GYH. 
See  the  Notes  on  Cbap.  xxxii.  Art. 
31.  But  further,  if  the  optical 
Axes  be  fo  dire  ied  as  to  meet  on 
this  Side  the  Glafs  ,  the  Candle 
will  be '  feen  Bogle,  and  manifeftly 
on  this  Side  the  Glafs. 


But  in  the  former  Cafe,  where 
the  optical  Axes  were  dire£ted  to  a 
Point  further  diftant  ,  becaufe  the 
Image  of  a  Candle  does  not  termi¬ 
nate  the  Sight  like  a  folid  Bcdy, 
and  becaufe  we  were  beforehand 
prejudiced  concerning  the  true  Place 
of  it,  therefore  it  fecms  to  be  at  a 
greater  Diftance. 


other- 
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other  wife  have  taken  no  Notice  of,  if  the  Image  had  been 
fo  fmall,  that  the  Rays  which  came  from  two  adjoin¬ 
ing  Points  of  the  ObjeCI,  had  been  forced  to  meet  to¬ 
gether  in  two  different  Points  of  one  and  the  fame  Ca- 
pillament. 

15.  Upon  this  Foundation  it  is,  that  thofe  fmall 
Glaffes  which  we  call  Micr  of  copes  are  made.  They  con- 
fift  of  (1)  one  Glafs  only,  which  is  fo  convex,  that  if 
a  Flea,  or  any  other  fmall  Object  be  placed  at  about 
an  Inch  Diftance  from  the  Eye,  and  the  Glafs  be  put 
between  them,  it  will  caufe  the  Rays  which  come  from 
any  fingle  Point  of  fuch  a  fmall  ObjeCI,  and  which  di¬ 
verge  very  much,  to  diverge  afterwards  fo  little,  that 
the  ordinary  Refractions  of  the  Humours  of  the  Eye, 
will  determine  them  to  unite  in  one  Point  on  the  Retina . 
By  this  Means  the  Eye  which  without  a  Glafs  cannot 
fee  an  ObjeCfc  diftinCHy  which  is  nearer  than  a  Foot 
Diftance  from  it,  may  be  made  to  fee  one  w*hich  is 
twelve  Times  nearer  it.  From  whence  it  follows,  that 
the  Diameter  of  the  Image  which  this  Object  impreffes 
upon  the  Retina  is  twelve  times  larger,  and  confequent- 
ly,  that  the  whole  Superficies  is  a  Hundred  and  For¬ 
ty  Four  times  as  large,  as  it  would  be,  if  the  Ob¬ 
ject  were  at  a  Foot  Diftance  ;  wherefore  fince  it  ex¬ 
tends  it  felf  upon  a  Hundred  and  Forty  Four  times  as 
many  Capillaments  of  the  Optick  Nerve  as  it  would 
otherwife  do,  the  ObjeCfc  cannot  but  be  feen  very  di- 
ftinCtly. 

16.  Let  us  now  examine  a  concave  Glafs ,  fuch  as 
that  in  the  Figure  CDEFGH,  the  Property  of  which 
is,  according  to  what  was  before  faid,  to  make  the 
Rays  which  it  receives  from  any  fingle  Point  of  an 
ObjeCt,  to  become  more  diverging  than  they  were  be¬ 
fore  they  pafied  through  the  Glafs.  Thus  the  Rays 
which  come  from  the  Point  A,  and  fall  upon  that 
Part  of  the  Glafs  marked  VX,  fpread  themfelves  after 
they  are  pafied  through  it,  from  R  to  Z  ;  and  thofe 
which  come  from  the  Point  B,  and  fall  upon  the  fame 
Space  VX,  extend  themfelves  through  the  Space  YT. 
Further,  it  is  alfo  the  Property  of  a  concave  Glafs,  fo 
to  incline  the  Rays,  which  come  from  two  different 

(j)  They  confjl  of  one  Glafs  only )  Things  have  been  found  cut  by  the 
There  ate  fome  which  confift  of  fe-  Help  of  thefe  Microfcofet ,  maybe 
veral  Glaffes,  that  are  much  more  feen  in  Mr.  Hook's  Micrography,  and 
nice.  What,  and  how  furprizing  in  others- 


2 


Points 
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Points  of  the  Objecf,  to  each  other  ;  that  when  they 
meet  together,  they  make  a  lefs  Angle  than  they  would 
do,  if  they  had  not  palled  through  fuch  a  Glafs.  For 
inftance,  the  Ray  MI,  which  comes  from  the  Extremity 
of  theObjedl  A,  and  the  Ray  LI,  which  comes  from 
the  other  Extremity  B,  make  fo  fmall  an  Angle,  viz. 

MIL,  that  they  feem  to  come  from  the  Places  marked 
N,  O. 

17.  Whence  it  follows,  that  if  the  Eye  be  placed  in  I,  J7-  How  it 
and  look  upon  the  Object  AB,  it  will  fee  it  confufedly : 

Becaufe  the  Rays  which  come  from  every  Point,  are  fo  confufod. 
diverging,  that  the  Refractions  of  the  IFumours  of  the 

Eye  cannot  make  them  unite  in  fo  many  Points  upon 
the  Retina. 

18.  However,  there  may  be  fome  Eyes  fo  much  long-  l^ylake  * 
er  and  more  gibbous  than  ordinary,  as  to  reunite  the  fome  Perfons 
Rays  which  they  receive  from  any  fingle  Point  of  a  di-  fee  Re¬ 
liant  Object,  before  they  come  to  the  Retina ,  fo  that  ^ inclly * 
they  can  fee  only  near  Objects  diftinctly  ;  They  there¬ 
fore  who  have  fuch  Sort  of  Eyes  as  thefe,  may  make 

good  ufe  of  a  concave  Glafs  to  fee  diftant  Objects 
diltinctly  with  ;  becaufe  by  this  Means  the  Rays  which 
come  from  any  fingle  Point  of  the  Object  are  made  fo 
diverging,  that  the  large  Refractions  made  by  the  Hu¬ 
mours  of  fuch  Eyes,  do  not  reunite  them  before  they 
come  at  the  Retina. 

19.  If  an  Eye  of  the  ordinary  Figure  be  placed  at  a  1 9.  Howie 
greater  Diftance  from  the  Glafs,  as  at  P,  it  will  fee  fome - 

vjhat  more  diftinEtly ,  becaufe  the  Rays  which  fall  upon  tie 
the  Pupil  from  any  fingle  Point  of  the  Object  are  lefs  hfo  and. 
diverging  than  they  were  in  I ;  and  on  the  other  Hand, 
an  Eye  too  long  or  too  gibbous  will  fee  it  fo  much  the 
more  confufedly  as  the  Point  P  is  further  from  the  Glafs, 
becaufe  the  Rays  which  come  from  any  fingle  Point  of 
the  Objet,  being  lefs  diverging,  the  Refrations  made  in 
the  Eye,  determine  them  to  meet  before  they  come  to* 
the  Retina. 

20.  But  whatfcever  the  Figure  of  our  Eyes  be,  whe-  20.  That  it 
ther  they  are  fitted  to  fee  Objects  that  are  near,  or  fuch  tbe. 

J  J  .  r  r  r  r  ObjtPl  in  itt 

as  are  at  a  Durance ;  whoever  makes  ule  or  lucn  a  true  situa- 
Glafs  will  fee  the  ObjecSt  in  its  true  Situation  ;  for  the  tion. 

Rays  which  caufe  us  to  fee  the  right  Side  of  the  Ob¬ 
ject,  come  to  us  from  the  right  Side ;  2nd  thofe  which 
caufe  us  to  fee  the  left  Side,  come  from  the  left  Side. 


21.  As 
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22.  That  it 
makes  it  ap¬ 
pear  lefs. 


23.  That  it 
makes  it  look 
equally 
dear. 


24.  That  it 
makes  a 
large  Space 
for  the  Ob- 
jeEl  to  be 
fen  in. 


25.  Concern¬ 
ing  Tele- 
fcopci. 


21.  As  to  the  Diftance ,  it  makes  that  feem  lefs  than 
it  really  is,  becaufe  when  the  Rays  which  come  from 
any  one  Point,  enter  into  the  Humours  of  the  Eye, 
they  diverge  juft  as  much  as  they  would  do,  if  they 
did  indeed  come  from  a  Point  of  an  Object  much 
nearer. 

22.  And  as  to  the  Bignefs  ;  becaufe  the  Extremities 
of  the  Object  are  feen  by  Rays  which  make  a  lefs  Angle 
than  they  would  make  without  a  Glafs,  it  follows,  that 
it  muft  appear  much  lefs. 

23.  Becaufe  the  Rays  which  come  from  any  Point  of 
the  Objedt  are  made  more  diverging  by  palling  through 
a  concave  Glafs,  it  follows,  that  fewer  of  them  can  en¬ 
ter  into  the  Pupil,  than  if  they  had  not  palled  through 
the  Glafs ;  however  the  Vifion  ought  not  to  be  the  lefs 
clear  upon  this  Account  ;  becaufe  this  is  made  good  by 
the  Image  being  imprefled  on  a  lefs  Space  of  the  Retina , 
fo  that  every  Capillament  of  the  Optick  Nerve  is  fuffici- 
ently  fhaked  to  caufe  us,  when  we  look  through  fuch  a 
Glafs,  to  fee  the  Objedt  as  clear  as  when  we  look  on  it 
without  a  Glafs. 

24.  To  what  has  been  hitherto  faid  concerning  the 
concave  Glafs,  wre  may  add,  that  the  Space  RT,  which 
contains  the  Rays  that  come  from  the  two  Extremi¬ 
ties  of  the  Objedf  being  very  large,  it  follows,  that 
the  Eye  may  fee  the  Objedl  entire  in  any  Part  of  this 
large  Space. 

25.  One  of  the  beft  Inventions  of  our  Age,  is  that  of 
<Telefcopes.  For  by  the  Help  of  them  we  have  not  on¬ 
ly  difcovered  fome  Particulars  in  the  Stars,  which  were 
not  obferved  before,  but  they  fhow  us  alfo  a  Multitude 
of  new  Stars  in  the  Heavens,  which  we  cannot  fee 
without  them,  nor  fhould  we  ever  have  come  to  the 
Knowledge  of  them  otherwife.  They  were  indeed  firft 
difcovered  by  Chance ;  but*  the  Invention  appeared  fo 
furprizing,  and  fo  ufeful,  that  the  great  eft  Genius’s  have 
laboured  hard  to  bring  them  to  the  higheft  Perfedlior* 
poftible.  I  cannot  therefore  forbear  explaining  the  Na¬ 
ture  of  them  in  this  Place ;  and  the  fo  doing  will  very 
much  confirm  all  that  has  been  hitherto  faid  about  Vi¬ 
fion.  They  confift  commonly  of  two  Glafles,  fixed  to 
each  End  of  a  Tube  :  That  Glafs  which  is  at  the  End 
next  the  Objedl,  and  is  for  that  Reafon  called  the  Ob¬ 
ject  Glaf ,  is  a  little  convex,  and  the  other  Glafs  which 

•  is 
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is  at  the  End  of  the  T ube  next  the  Eye,  and  is  there¬ 
fore  called  the  Eye-Glafs ,  is  on  the  other  Hand,  very 
( 1 )  concave,  that  is,  much  thinner  in  the  Middle,  than 
at  the  extreme  Parts. 

26.  The  Objeft-Glafs  caufes  all  the  Rays  which  come  26.  The 

from  every  fingle  Point  of  the  Object,  to  unite  together  °f 

very  nearly  in  as  many  different  Points,  on  a  Superficies 
which  we  are  to  fuppofe  on  this  Side  the  Glafs,  at  a 
greater  or  lefs  Diftance  from  it,  according  as  the  Glafs 

is  more  or  lefs  convex ;  now  becaufe  the  Rays  which 
come  from  different  Points  of  the  Objedts,  crofs  one  a- 
nother  as  they  pafs  through  the  Glafs,  it  is  eafy  to  con¬ 
ceive,  that  they  paint  fuch  a  Sort  of  an  Image  upon  this 
Superficies,  as  we  have  before  fhown  they  do  upon  the 
Retina ,  and  that  it  is  fo  much  the  larger,  as  the  reuniting 
of  the  Rays  caufes  it  to  be  at  a  greater  Diftance  from 
the  Glafs  :  If  therefore  the  Bottom  of  the  Eye  were  put 
in  the  Place  of  this  Superficies,  and  it  were  poffible  for 
the  Humours  of  it  not  to  make  any  Refractions  3  we 
fhould  have  a  very  large  Image  impreffed  on  the  Retina, 
by  Means  of  this  fingle  Glafs,  and  it  would  fall  upon  fo 
great  a  Number  of  the  fmall  Capillaments  of  the  Op- 
tick  Nerve,  which  would  receive  diftindtly,  the  Im- 
preflion  of  every  fmall  Part  of  the  Objedt,  that  it  would 
be  impoflible  but  that  the  Vifion  muft  be  very  di- 
ftindt. 

27.  But  becaufe  the  Humours  of  the  Eye  cannot  be  27.  The 
hindred  from  caufing  the  ufual  Refradtions,  they  muft  Property  of 
neceffarily  fo  refradt  the  Rays  which  come  from  every 

Point  of  the  Objedt,  and  which  had  before  a  Tendency 
to  unite  together,  that  they  will  unite  before  they  come 
at  the  Retina ,  and  then  feparating  again,  will  imprefs  a 
confufed  Image  upon  that  Tunick.  Now  the  Eye-Glafs 
is  fo  fitly  placed  between  the  Objefi-Glafs  and  the  Place 
where  it  would  make  the  Rays  meet  3  that  it  caufes  thofe 
which  come  from  any  Point  of  the  Objedf  converging;, 
to  become  parallel,  or  rather  a  little  diverging  3  but  yet 
it  does  not  hinder  the  Rays  which  come  from  different 
Points,  from  being  as  much  difperfed  as  they  were  when 
they  eroded  each  other  in  palling  through  the  Objedt- 
Glafs.  And  thus  the  Refradtions  neceffarily  made  by  the 

•  (1)  Corcave )  There  are  alfo  Te>  which,  fee  2?<rg7r  Phyfickty  Book 

Jefcopes  confiding  of  two,  three,  VIII,  Part,  II,  Chop,  xxxix,  xi, 
or  four  convex  Glalfes  $  Concerning  xii. 


Hu- 
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Humours  of  the  Eye,  inflead  of  being  injurious,  as  they 
were  without  this  Glafs,  become  very  ufeful  with  it ; 
for  they  unite  thofe  Rays  which  this  Eye-Glafs  difperfed  ; 
and  by  this  Means  the  Image  which  the  Objedf  impref- 
fes  on  the  Retina  becomes  perfectly  diftindf,  and  at  the 
fame  Time  very  large.  Whence  it  follows,  that  the 
Obiedl  is  feen  diftindfly  and  ( 1 )  fo  much  the  bigger  as  the 
Rays  which  come  from  any  one  of  thefe  Points,  are 
lefs  diverging,  and  make  us  think  it  at  a  greater  Di- 
flance. 

28.  The  beft  Curvature  that  can  be  of  the  Superfi¬ 
cies  of  Glafles  for  Telefcopes,  is,  (2)  that  of  an  Hyper¬ 
bola,  or  any  fuch  like  Figure,  and  not  the  Curvature  of 
a  Sphere .  But  Workmen  have  not  yet  been  able  to  make 

their 


(1)  So  much  the  bigger  at  the 
Rays  which  come  from  ary  ore  rf 
thefe  Points  are  left  diverging,  and 
make  us  think  it  at  a  greater  Di- 

Jlance  ) 

That  is,  by  how  much  the  Rays 
of  every  Pencil  being  lefs  difperfsd, 
make  it  appear  further  off.  For 
the  further  the  Objed  feems  to  be 
from  us,  the  more  do  we  neceffari- 
ly  imagine  the  Pencils  of  Rays, 
"which  crofs  one  another  as  they  pafs 
through  the  Object  Glafs,  to  divari¬ 
cate,  that  is,  the  Objed  feems  fo 
much  the  bigeer. 

(2)  That  of  an  Hyperbola,  or  ary 
fuch  like  Figure,  See.)  Carte i  took  a 
great  deal  of  Pains  about  thefe  fort 
of  Figures,  and  about  the  manner 
of  polifhing  Glaffes,  but  with  no 
great  Succefs.  For  it  is  evident, 
that  Spherical  Giaffes,  as  they  can 
be  more  eafily  and  more  accurately 
made,  than  Elliptical  or  Hypeibuli- 
cal  ones  j  fo  are  they  to  be  prefer¬ 
red  before  fuch  upon  this  Account 
becaufe  they  do  more  exadly  re- 
fratl  the  Pencils  of  Rays  which  are 
out  of  the  Axis  of  the  Glafs.  And 
indeed,  it  is  not  to  be  afcribed  to 
the  Unfitnefs  of  the  Figures  of  the 
Glafles  but  to  quite  other  Caufes, 
that  Telefcopes  cannot  be  made  ab- 

lutely  perfed  and  compleat.  The 
1  wo  Pr’ncijal  of  which  C«ufes  are 
thTe. 


Firft,  The  unequal  Refradion  of 
the  Rays  themfelves  j  ( See  the 
Notes  on  Chap,  xxvii.  Art  52.)  by 
which  means  neither  the  Eye-Glajs 
(wh;ch  is  Convex)  can  be  made  of 
Spheres  fmall  enough  to  magnify 
the  Objed  $  nor  the  Objefl-Glafi  of 
afufficient  Aperture,  to  render  the 
Objed  bright  and  diftind,  but  e- 
very  Thing  will  immediately  be 
tinged  with  Colours,  and  confound¬ 
ed  by  the  unequal  Reftadion  of  the 
R  iys.  For  the  eminent  Sir  Ifaac 
Newton  has  fhown,  that  the  Dif¬ 
ference  between  the  Refradion  of 
the  leaff  and  muff  refrangible  R*ys, 
is  about  the  Twenty  feventh  Part 
of  the  whole  Refraaion  of  the  mean 
refrangible  Ray<  ;  and  that  the  Fo¬ 
cus  of  the  moft  re’rangible  Rays  is 
nearer  to  the  Oljefl- Glafs  than  the 
Focus  of  the  leaft  refrangible  ones 
by  about  a  Twenty  feventh  Part 
and  a  Half  of  the  whole  D  fiance 
between  the  Obj- Sl-Glafs,  and  the 
hocusof  the  mean  refrangible  Rays. 
(Opt.  p.  74,  )  And  therefore  the 
greateft  Eriours  wh  ch  arife  from 
the  fpbaeriuil  Figure  cf  the  Glajsy 
are  very  much  lefs  than  the  Enours 
which  arife  from  the  unequal  Re- 
fradion  of  the  Rays  themfelvcs  ; 
nay,  in  fome  Cafes,  the  Proportion 
isasgteat  between  them,  as  1200 
to  1  (  pag.  89.)  From  whence  it 
abundamjy  appears  ,  that  not  the 

fplancal 
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their  Glaffes  of  any  other  Curvature  but  that  of  a 
Sphere,  of  which  they  take  fo  fmall  a  Part,  that  it  does 
not  fenfibly  differ  from  an  Hyperbola.  But  then  there 
is  this  Inconvenience  attends  it,  that  there  does  not  fall 
fo  many  Rays  upon  it  from  any  one  Point  of  the  Ob¬ 
ject,  as  there  would  do  if  the  Glafs  were  larger ;  and 
confequently  all  the  Rays  which  come  from  the  whole 
ObjeA,  and  which  fpread  themfelves  upon  a  large  Por¬ 
tion  of  the  Retina ,  fhake  but  a  very  few  of  the  Capilla- 
ments  of  the  Optick  Nerve  ;  and  this  is  the  Reafon  why 
we  fee  Tilings  more  obfcurely,  than  when  we  do  not 
ufe  fuch  a  Glafs ;  and  the  longer  fuch  Glafs  is,  and  the 
fewer  the  Rays  are  which  come  upon  the  Pupil  from 
any  Point  of  the  Objedl,  fo  much  the  weaker  and  more 
obfeure  muff  that  Object  appear. 


fpbarical  Figure  of  the  Glaffes,  but 
the  different  Refrangibility  of  the 
Rays  themfelves,  is  the  Caule  w  hy 
Teiefcopes  have  net  hitherto  been 
made  abfolutely  perfe£i  and  com¬ 
pleat,  and  that  there  can  be  no  Re¬ 
medy  for  this  Inconvenience  by  any 
way  figuring  or  polifhing  refraining 
Glaffes  j  this  excellent  Perfon,  at 
length  invented,  and  agreeable  to 
Experiments,  propofed  the  manner 
of  making  a  Telefcope  whch  fiiould 
caufe  the  Objeft  to  be  l'een  by  Re¬ 
flexion  :  Concerning  the  Ccnftruc- 
lion  and  Ufe  of  which  Inftrument, 
See  Optic,  pag.  95. 

Secondly,  If  tbe  Theory  of  ma¬ 
king  Tel f copes  could  at  length  be 
fully  brought  into  Pr&Bice,  yet  there 
1 would  be  certain  Bounds,  beyond 
’which  T'elejcopes  could  not  perform. 
For  the  Air  tbreup-b  1 which  ’ice  look 

o 

upon  the  Stars,  is  in  a  perpetual 
Tremor  ;  as  may  be  fen  by  tbe  tre¬ 
mulous  Motion  of  Shadows  cajlfrom 
hi^b  Towers ,  and  by  the  twinkling 
f>f  tbe  fixed  Stars.  But  tbefe  Stars 
do  not  twinkle  when  viewed  tbreufib 
Telefcopes  which  have  laiger  A- 


perturts.  For  the  Rays  <f  Light 
which  pafi  through  diver fi  Parts 
of  tbe  Aperture,  tremble  each  of  them 
apart,  and  by  means  of  then  vari¬ 
ous  and  fometimes  contrary  Tremors , 
fall  at  one  and  tbe  fame  Time  upon 
different  Points  in  the  Bottom  of  the 
Eye ,  and  tbeir  trembling  Motions, 
are  too  quick  and  confufed  to  be  per¬ 
ceived  fever  ally.  And  all  tbefe  il¬ 
luminated  Points  confiitute  one  broad 
lucid  Point,  compofd  of  thofi  many 
trembling  Points  csnfufedly  and  in - 
fenfibly  mixed  with  one  another  by 
very  fhort  and  Jwift  Tremors ,  and 
thereby  caufe  tbe  Star  to  appear 
broader  than  it  is,  and  without  any 
Trembling  of  the  Whole .  Long  i  e- 
Ifcipes  may  caufe  ObjeEls  to  appear 
brighter  and  larger  than  fhort  ones 
can  do,  but  they  cannot  be  Jo  formed 
as  to  take  eway  that  Corfu fon  of  the 
Beys  which  anfis  from  tbe  Tremor q 
of  the  Atmrfpbere.  Tbe  only  Reme¬ 
dy  is  a  moji  ferene  and  quiet  Air , 
fuch  as  may  perhaps  be  found  on  the 
Tops  cf  the  bigbefi  Mountains  above 
the  gr offer  Clouds,  Newt.  Opiicks, 
p.  93 . 
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CHAP.  XXXIV. 

Of  Looking-Glajfes . 

BESIDES  plain  Looking-Glafies,  which  are  every 
where  ufed,  there  are  two  other  Sorts,  viz.  Convex 
and  Concave  ones,  not  to  mention  thofe  which  are  com¬ 
pounded  of  thefe  three  Sorts,  which  are  capable  of  being 
infinitely  diverfify’d. 

2.  Each  Sort  of  Looking-Glafies  has  indeed  its  par¬ 
ticular  Property  or  Manner  of  reprefenting  the  Object ; 
but  in  this  they  all  agree,  that  they  fo  reflect  the  Rays 
of  Light,  that  the  Angle  of  Incidence  is  equal  to  the  An¬ 
gle  of  Reflexion ,  and  that  the  refle&ed  Ray  is  not  in  the 
leaft  turned  afide,  either  to  the  right  Hand  or  to  the  Left ; 
that  is  to  fay,  (1)  the  incident  and  reflected  Rays  are  al¬ 
ways  in  the  fame  Plane  which  is  perpendicular  to  the 
Superficies  of  the  Glafs  ;  whence  it  follows,  that  though 
the  vifible  Object:  fends  forth  from  every  Point  a  Multi¬ 
tude  of  Rays  which  are  reflected  by  the  whole  Superfi¬ 
cies  of  the  Glafs,  yet  a  determinate  Number  of  them 
only  can  come  to  the  Eye  when  it  is  fixed  in  a  certain 
Place. 


(1)  The  incident  and  reft&td 
Rays  are  always  in  the  fame  Plane 
which  is  perpendicular  to  the  Super - 
Jices  of  the  Glafs  )  This  Property 
wonderfully  perplexed  the  famous 
Dr  .Barrow  ;  you  will  not  eafily  find 
any  good  and  dear  Account  of  this 
Matter  amongfi  the  Writers  of  Op - 
ticks  j  almcft  every  Thing  that  they 
alledge  with  relation  to  it,  is  either 
begging  tbefirfi  Principle ,  or  elfe  la¬ 
bours  under  fome  incomprebenfble  Ob- 
feurity  ;  nor  do  I  much  wonder  that 
this  fhould  be  the  Cafe  of  tbofe  who  al¬ 
ways  confider  a  Ray  of  Light  as  one 
continued  freight  Line  $  which  if 
granted ,  1  can  fcarce  believe  it  pof- 
fible  to  affign  any  good  Reafonjor  this 
Thing.  1  therefore  think  that  a  Ray 
of  Light  is  not  a  mere  Line ,  but  a 
Body  endued  with  all  the  Dimenfions  j 
fo  that  it  may  be  cylindrical  or  prif- 
viatical,  Sc c.  Ltd,  1,  Sed.  ix.  But 


there  do  not  feem  to  be  any  neceflity 
of  recurring  to  the  Figure  of  the 
Rays ;  it  is  all  one  whe¬ 
ther  they  be  cylindrical  Tab.  II. 
or  prifmatical,  whether  Fig.  6. 
they  be  folid  Bodies  or 
indivifible  Lines*  For  let  GBL  be  the 
Superficies  ot  the  Earth  (  which  I 
fuppofe  to  be  plain  and  fmooth  )  A 
the  North,  I  the  South,  AB  a  Ray 
of  Light.  Now  it  is  evident,  that 
this  Ray  of  Light  is  carried  with  a 
double  Determination,  the  one  AG 
downwards  to  the  Earth,  the  other 
AH  dire&ly  to  the  South  ;  the  firtt 
Determination  is  refitted  by  the  Su¬ 
perficies  of  the  Earth,  the  other  is 
not  j  the  Ray  therefore  ought  to  go 
on  direftly  to  the  South  with  this 
Determination,  that  is,  in  a  Plane 
perpendicular  to  the  Superficies  of  the 
Earth  ;  nor  can  it  turn  towards  the 
Eatt  in  an  oblique  Plane. 


3.  This 
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3.  This  being  fuppofed,  let  AB  be  a  plain  Loolcihg- 3^-^ 
Glafs,  by  Means  of  which  the  Eye  C  fees  the  Object  jng  Glafs 
DE  ;  having  drawn  from  any  Point  at  Pleafure,  iup-  makes  any 
pofe  D,  the  Line  DIL  perpendicular  to  the  Superficies  of  ™ 

the  Glafs,  we  {hall  fhow  that  this  Point  D  ought  to  be  &  peen_ 
feen  in  the  Point  L  of  this  Perpendicular,  fo  that  the  Tab.  VII. 
Difbmce  IL,  which  we  imagine  it  to  be  at  behind  the  Fl°*  3* 
Glafs,  {hall  be  equal  to  the  Line  ID  ;  (i)  for  it  is  eafy 
to  demonftrate,  that  the  Rays  DF,  DG,  by  which  the 
Point  D  affedf  the  Senfe,  are  fo  reflected  in  the  Lines 
FC,  GH,  that  they  enter  into  the  Pupil  CH*  as  ^ 
they  really  came  from  the  Point  L  :  fo  that  this  diverging 
of  the  Rays  caufes  the  Eye  to  put  it  felf  into  fuch  a 
Shape,  as  gives  occafion  to  the  Soul  to  imagine  that  it 
fees  the  Objedf  really  in  the  Point  L. 

4.  And  as  the  Point  D  was  taken  at  pleafure,  what 

has  been  faid  concerning  that,  ought  equally  to  be  un-  ought  to 
derftood  of  all  other  Points  of  the  Obj’edt  ;  and  therefore  appear  as 
it  is  evident,  that  when  we  look  upon  an  Objedl  in  a 

/  ,  ,  jit  7  plain  Look- 

plain  Looking-Glafs,  the  whole  Image  ougnt  to  appear'  Glafs  as 
as  far  behind  the  Glafs ,  as  the  Objett  is  placed  before  it  is  placed 

•  J  on  (bis  Side 

.  .  °f  it* 

5.  It  is  further  evident,  that  this  Objedf  ought  alfo  to  ^at  a 
appear  of  the  fame  Bignefs,  as  if  it  were  really  placed  i rv  plain  Look- 
LM  :  For  the  Space  which  the  Image  feems  to  take  up, 

is  comprehended  between  two  parallel  Lines  which  are  at  make  the  Oh- 
the  fame  diftance  from  each  other  as  the  Extremities  of  jeti  appear 

the  Object  are.  Bignefs.  • 

6.  Laftly,  This  Objedt  ought  fo  to  appear  in  the  Look-  6.  That  it 
ing-Glafs,  that  the  upper  Part  fhould  be  feen  above,  and 

the  right  Side  on  the  right  Side,  and  fo  of  the  reft.  \rft 
Thus  the  Part  D,  which  is  higher  than  E  being  feen  by  tion. 
the  Rays  of  Incidence  DF,  DG,  and  by  the  remedied  yiI# 
Rays  FC,  GH,  which  feem  to  come  from  the  Point 
L  ;  and  the  lower  Part  E  being  feen  by  the  Rays  of  In¬ 
cidence  EN,  EO,  and  by  the  reflected  Rays  NC,  OH  ; 

y  1  '  *  i. 

(1)  For  it  is  eafy  to  demonjlrate ,  are  right,  and  the  Side  IF  common. 

Scc.'j  For  the  Angle  DFI  =  tothe  Therefore  the  Triangles  D1T  and 
Angle  CFB  ;  and  the  I FL.  are  fimilar  and  equal.  In  like 
Tab.  VII.  Angle  CFB  =  to  the  manner  the  Triangles  DGl  and 
Fig.  3.  Angle  1FL,  therefore  IGLare  fimilar  and  equal;  There - 
the  Angle  DFl  rer  to  fore  the  Triangles  DGh  and  FGL 
%he  Angle  IF L  ;  and  the  Angles  at  I  are  fimilar  and  equal.  E.  D. 
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which  Teem  to  come  from  the  Point  M ;  we  refer  the 
Senfation  which  we  have  of  the  Point  D  to  the  Place  L, 
and  that  which  we  have  of  the  Point  E  to  the  Place  M, 
which  is  lower  than  L. 

7.  What  has  been  faid  concerning  one  Eye,  ought 
equally  to  be  underftood  of  the  other.  And  indeed  if 
we  fuppofe  the  Speftator  principally  attentive  to  look 
upon  the  Point  L,  it  will  eafily  appear,  that  his  two  Op¬ 
tical  Axes,  will  be  fo  inclined  to  each  other,  that  they 
will  feem  to  meet  in  the  Point  L.  Whence  it  follows, 
that  the  Rays  which  come  from  every  Point  of  the  Ob¬ 
ject  to  enter  into  one  of  the  Eyes,  feem  to  come  from 
the  fame  Points  beyond  the  Glafs,  from  whence  the  Rays 
feem  to  come  which  caufe  every  Point  of  the  Object  to 
be  feen  by  the  other  Eye. 

8.  As  to  a  convex  Looking-Glafs. ,  fuch  as  that  in  the 
Figure  reprefented  by  ABC,  by  Means  of  which  the  Eye 
D  fees  the  Object  EF,  (1)  it  is  eafy  to  apprehend,  that  it 
fo  refle&s  the  Rays  which  fall  upon  it  from  any  Point  of 
the  Objeffc,  fuch  as  EB,  EG,  that  the  refle&ed  Rays 
BD,  GH  diverge  juft  as  much  as  if  they  really  came 
from  the  Point  I,  which  is  at  a  much  lefs  Diftance  be¬ 
hind  the  Glafs  than  the  Objedt  is  before  it :  And  this  is 
the  Reafon  why  we  fee  the  Image  much  nearer  than  when 
we  look  upon  a  plain  Looking-Glafs. 

9.  Further,  the  Point  L  from  whence  the  Rays  MD, 
NH,  feem  to  come,  by  which  we  fee  the  Point  F,  (2)  is 
fo  near  the  Point  I,  that  IL  appears  much  lefs  than  EF, 
that  is,  a  convex  Looking-Glafs  makes  the  Object  ap¬ 
pear  much  lefs  than  it  really  is. 

IO*  But  though  in  this  a  convex  and  plain  Looking- 
Glafs  differ  from  each  other,  yet  they  agree  in  another 
Particular,  viz.  that  they  both  make  the  Objetft  to  be 
feen  in  its  true  Situation ,  as  appears  from  hence,  that 


(j)  It  it  eafy  to  apprehend  , 
£tc.)  This  may  eafily  be  demon- 
ftrated,  if  we  draw  a 
Tab.  IX.  freight  Line  BC  repre- 
Fig.  I.  fcnting  a  plain  Look¬ 
ing  Glafs,  and  compare 
it  ( as  to  the  Situation)  with  the 
Tangents  of  the  Points  B  and  G. 

(2)  Is  fo  near  tbe  Point  Iy)  There 
are  two  Reafons  of  this.  Firft,  Be- 
caufe  the  Image  in  this  Glafs*  by 


rea/on  the  Rays  of  every  Pencil 
are  more  difperfed,  is  not  fo  far 
djftant  from  the  Vertex  of  the  An¬ 
gle  of  Vifion  as  in  a  plain  Looking- 
GJal's.  Secondly,  Becaufe  this  An¬ 
gie  of  Vifion  is  therefore  lefs,  be¬ 
cause  the  Portion  of  the  Glafs  upon 
which  the  Rays  that  are  reflected 
to  the  Eye,  fall,  is  lefs  than  in  a 
plain  Looking-Glafs. 


the 
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the  Rays  EBD,  EGH,  by  which  the  Eye  fees  the 
Point  E  are  higher  than  the  Rays  FMD,  FNH,  by 
which  it  fees  the  Point  F,  which  is  the  lower  Part 
of  it. 

11.  As  to  Vifion  made  in  looking  upon  a  concave  *r‘  a 
Looking-Glais,  it  may  be  diverfify’d  feveral  Ways  ac-  LoTkmg- 
cording  as  the  Eye  and  the  Objedl  are  in  different  Po-  Glafs  makei 
fitions.  Let  us  fuppofe  a  concave  fpherical  Looking-  Appear  ?at  a 
Glafs,  whofe  Center  is  about  the  Point  T  j  and  let  US  greater  di- 
imagine  in  the  firft  Place,  that  by  Means  thereof  th q  f^nce  behind 
Eye  D  fees  the  Objeci  EF  which  is  pretty  near  the  nal 
Superficies  of  it.  This  being  fuppofed,  the  Rays  EB,  Tab.  IX.  * 
EG  which  come  from  the  Point  E,  are  fo  refledled  to 

the  Pupil,  that  BD,  GK  diverge  but  very  little,  and 
feem  to  come  from  the  Point  H,  which  is  at  a  much 
greater  diflance  beyond  the  Glafs,  than  the  Objedl  is  on 
this  Side  of  it.  (1)  And  this  makes  us  refer  the  Image 
of  it  to  a  greater  diflance  than  if  we  look  on  a  plain 
Looking-Glafs,  and  to  a  ftill  greater  than  when  we  look 
on  a  convex  Looking-Glafs, 

12.  As  to  the  Rays  which  come  from  different  Points  T2*  it 
of  the  Objedl,  they  are  in  this  Cafe  fo  reflected,  that  Image  ta 
thofe  which  affedl  the  Senfe  from  the  upper  Part  of  the  appear  in  tbe 
Objedl,  are  higher  than  thofe  which  affedl  the  Senfe  fame  $ltua~ 
from  the  lower  Part  of  it  ;  thus  the  Rays  BD,  GK,  ^"cb  larger 
which  caufe  the  Senfation  of  the  Point  E,  are  higher  than  than  tbt 
the  Rays  ID,  LK,  which  caufe  the  Senfation  of  the  °^ea’ 
Point  F  ;  and  thefe  Rays  ID,  LK,  feeming  when  they  Figb‘  * 
enter  into  the  Pupil  as  if  they  came  from  the  Point  M, 

are  the  Caufe  of  feeing  the  Point  F  as  if  it  were  in  M. 

And  becaufe  HM  is  much  bigger  than  EF,  it  follows 
that  the  Objedt  ought  not  only  to  appear  in  its  true  Situa¬ 
tion,  but  alfo  much  bigger  than  it  really  is. 

13.  The  Rays  EN,  FO,  as  they  go  towards  the  Glafs  T3-  How  it 
divide  more  and  more  from  each  other  j  wherefore  if  bill'll 
they  be  continued  backwards,  they  mufl  meet  together  appear  in - 
fomewhere  in  the  Point  P,  and  afterwards  dividing  a-  verted. 
gain,  that  which  was  uppermoft  will  be  lowermoft,  and 

that  which  was  lowermoft  will  be  uppermoft  ;  whence 
we  cannot  but  conclude,  that  if  an  Objedl  be  in  QR, 

(l  1  And  this  makes  us  refer  the  concave  Lookine-GIa^s  here  is  the 
'image,  See .)  See  the  Notes  on  Chap.  lame  as  that  of  the  convex  Glafs 
xxxiii.  Art.  7.  for  the  Cafe  of  the  there. 
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it  muft  appear  inverted ;  but  becaufe  the  Rays  which 
ought  to  affect  the  Senfe  from  any  Angle  Point  of  it, 
fall  in  fuch  a  manner  upon  the  Superficies  of  the  Glafs 
that  as  they  are  reflected  to  the  Eye,  they  crofs  one  ano¬ 
ther  in  feveral  Places  between  the  Glafs  and  the  Eye ; 
and  fo  cannot  be  reunited  in  one  Point  upon  the  Retina , 
therefore  the  Vifion  muft  be  very  confuted. 

14.  If  the  Eye  be  placed  exa£tly  in  the  Center  of  a 
concave  Looking- Glafs,  it  can  fee  nothing  but  the  Pu¬ 
pil  ;  for  thofe  Rays  only  which  fall  perpendicularly  on 
the  fpherical  Superficies,  are  reflected  to  the  Center ; 
and  thofe  Rays  only  which  come  from  the  Center  fall 
perpendicularly  upon  the  Superficies  ;  wherefore  the  Rays 
which  go  from  the  Pupil  and  fall  upon  the  whole  Super¬ 
ficies  of  the  Glafs,  return  from  thence  to  the  Eye 
again,  which  muft  therefore  fee  the  Pupil  fpread  all  over 
the  Glafs. 

15.  If  the  Objetft  EF  continues  in  its  Place,  and  the 
Eye  be  moved  to  X,  between  the  Rays  BD,  GK,  pro¬ 
longed  ;  it  is  evident,  that  it  will  ftill  fee  the  Point  E 
by  means  of  fome  of  thofe  Rays  which  it  faw  it  by  be¬ 
fore  ;  but  it  will  not  fee  the  Point  F,  by  Means  of  the 
Rays  ID,  LK,  which  came  to  it  from  the  Part  IL  of 
the  Looking-Glafs ;  inftead  of  which,  thofe  which  fall 
from  F  upon  Y,  and  go  from  thence  to  X,  will  make 
the  Point  F  to  be  feen,  and  confequently  it  will  feem 
to  be  fomewhere  in  Z,  and  fo  the  Objetft  will  appear  as 
large  as  HZ. 

16.  If  the  Eye  continues  in  D,  and  the  Objedl  EF  be 
removed  backward  to  P,  the  Rays  which  come  from 
every  Point  of  it,  and  fall  upon  any  part  of  the  Glafs  as 
BG,  will  be  lefs  diverging  than  they  were  before.  Where¬ 
fore  after  Reflexion  they  will  become  converging,  and 
more  difpofed  to  unite  when  they  enter  into  the  Eye, 
than  they  ordinarily  are,  and  fo  muft  really  unite  before 
they  come  at  the  Retina ,  which  will  make  the  Vifion 
confufed.  But  it  will  be  ftill  more  confufed  if  the  Eye  be 
in  that  Place  where  the  Rays  which  come  from  every 
Point  of  the  Objedl  meet  together  again  ;  for  thefe  Rays 
at  their  Entrance  into  the  Eye  will  begin  to  be  (1)  fe- 


( t )  Separated  by  RefraSlion)  They  but  merely  by  receding  from  the 

are  Separated,  not  by  Re'raieoo  ,  Point  where  they  crcfs  each  other. 

parated 
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parated  by  Refradlion,  and  will  be  feparated  more  and 
more  by  the  Humours  of  it. 

17.  If  the  ObjedI  remain  in  P,  and  the  Eye  be  re-  -Another 
moved  a  little  from  the  Place  where  the  R.ays  which  its%pear. 
come  from  every  Point  of  the  ObjedI  reunite,  the  ing  confufed . 
Rays  when  they  enter  into  the  Pupil,  will  diverge  too 

much ;  wherefore  becaufe  the  Eye  cannot  lengthen 
it  felf  enough,  the  Objedt  will  appear  confufed  here 
alfo. 

18.  But  if  the  Eye  be  moved  fo  far  backward  from  1  z.Howthe 
that  Place  where  the  Rays  reunite,  that  the  Rays  which  objett  may 
enter  into  it,  be  not  too  much  diverging,  the  Vifion  J eJfffb^e 
ought  then  to  be  difiintt ;  and  what  is  here  very  re-  £ye  a„jtbc 
markable,  and  the  moft  furprizing  Effedt  of  a  concave  concave 
Looking-Glafs,  is  this  ;  that  becaufe  we  are  accuftomed 

to  refer  our  Senfation  to  the  Place  from  whence  the  J  * 
Rays  which  affedt  the  Eye  from  every  Point  of  the 
Objedt  feem  to  come,  therefore  the  Image  ?nuft  appear 
between  the  Glafs  and  the  Eye  ;  fo  that  if  a  drawn  Sword 
be  prefented  before  the  Glafs,  we  fhall  fee  the  Blade 
come  out  from  the  Glafs,  and  grow  longer  and  longer 
as  we  approach  nearer  to  it  ;  becaufe  the  Rays  which 
come  from  every  Point  of  the  Objedt,  the  nearer  it 
is,  are  the  lefs  inclined  to  each  other  after  Reflexion, 
and  therefore  meet  together  at  fo  much  the  greater  Di- 
ftance.  (1) 

19.  It 


(1)  The  Phenomena  of  a  concave 
Locking- Glafs,  may  be  very  pro¬ 
perly  reduced  to  five  Cafes. 

Firft,  Lee  the  Arrow  or  the  C in¬ 
die  EF  be  near  the  Gl<fs.  Now 
beciufe  the  Pencils 
Tab.  IX.  EBGK.D,  FILKD  do 
F'g-  2.  not  crefs  each  other, 

wherefeever  the  Eye  be 
placed,  whether  it  be  near  or  at  a 
diftance  j  therefore  the  Image  HM 
ought  always  to  appear  erect*  And 
becaufe  the  Rays  of  thofe  Pencils 
are  reflected,  not  converging  to  each 
other,  but  only  1:  fs  diverging,  there¬ 
fore  the  Candle  ought  to  appear  to 
be  at  a  certain  Difiance  beyond  the 
Glafs. 

Secondly,  Let  the  Candle  be  in 
the  very  Center  T.  Then  becaufe 
aid  the  Rays  fall  perpendicularly 


upon  the  G1  fs,  they 
muft  neceflatily  be  all  Tab..  IX. 
reflefted  to  the  Center  Fig.  2. 
it  felf  j  therefore  when¬ 
ever  the  Eye  is  placed,  out  of  the 
Center  or  ary  of  the  Lines  tending 
to  the  Center,  it  is  evident,  that  it 
cannot  fee  the  Candle  at  all  in  the 
Glafs. 

Thi.dly,  Let  the  Eye  be  in  the 
Center  T.  Then  becaufe  no  Rays 
but  thofe  which  fall  perpendicular¬ 
ly  are  reflected  to  the  Center  i 
therefore  the  Eye  can  fee  nothing  but 
its  own  Image  fpread  all  over  the 
Glafs. 

fourthly,  Let  the  Candle  SfR  be 
further  diji ant  from  the  Glafs }  and 
the  Eye  KL)  further  defiant  a/Jo, 
Then  becaufe  the  Pencils  QO,  RN, 
crofs  each  other,  it  is  evident,  that 
T  3  the 
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19.  It  may  be  obferved  here,  that  they  have  been 
very  much  miftaken,  who  have  affirmed,  that  vifible 
Objects  paint  their  Images  upon  the  Superficies  of  Looking - 
Giajfes ,  for  every  thing  there  is  fo  confufed,  that  there 
is  no  one  Part  of  the  Glafs  but  receives  Rays  from  all 
Parts  of  the  Obje£f  at  the  fame  Time  ;  and  indeed  it  is 
certain  that  all  Objedfs  which  we  fee  by  the  Help  of  a 
Looking-Glafs,  do  not  imprefs  their  Image  any  where 
elfe  but  on  the  Bottom  of  the  E)  e,  unlefs  when  we  fee 
them  by  Means  of  a  concave  Looking-Glafs,  under  the 
Circumftances  mentioned  in  the  foregoing  Articles  ;  and 
in  that  Cafe  it  is  certain,  that  the  Image  imprefied  by 


the  Image  of  the  Candle  ought  to 
appear  inveited  ro  the 
Tab.  IX.  Eye  KD.  And  bee  ufe 
Fig.  2.  the  Rays  o  every  Pen¬ 
cil  are  reddled  con¬ 
verging,  and  after  meet  ng  fome- 
yvhere  ;n  a  Focus,  go  f  om  thence 
diverging  to  the  Eye  $  therefore  the 
Image  will  not  appear  beyond  the 
Glafs,  but  on  this  Side  o  it,  in 
that  focus.  So  likewifu.  in  another 
Figure  ,  becaufe  the  Pencils  GD, 
BC  crofs  each  other, 
Tab.  XVII.  it  is  evident,  th  t  the 
Fig.  3.  Image  of  the  Candle 

GB  ought  to  appear 
inverted  to  the  Eye  in  Q^;  and  alfo 
on  this  Side  the  Glafs,  and  not  be¬ 
yond  it  ;  becaufe  the  Rays  of  every 
Pfencil  crofs  one  another  in  a  Focus, 
as  was  before  explained.  But  why 
in  this  Cafe  we  Ihould  not  imagine  it 
to  be  very  near,  (unlefs  we  look 
•very  intently  upon  it  )  when  it  is 
really  very  near.  See  the  Notes  on 
C£<z/>.  xxxiii.  Art.  12.  for  the  Cafe 
is  the  fame  here  as  in  the  Perfpec- 
tive  Glafs  there. 

Fifthly,  Let  the  Candle  GB  be  at 
Jome  Dijiar.ce  from  the  Glafs ,  and 
the  Eye  M  very  near  it.  Then 
becaufe  the  Candle 
Tab*  XVII.  GB  is  feen  by  ether 
Fig.  3.  Pencils  GH-M.BCM 

which  do  not  crols 
each  other  5  it  is  manifeft,  that  the 
Image  of  GB  ought  to  appear  ercCt 
again,  but  more  confufed. 

But  in  this  Cafe  it  is  particularly 
to  be  obferved,  that  the  Eye  M  hath 
no  way  to  judge  either  in  what 
Place,  or  at  what  Diftance  behind 


the  Glafs  the  Tmagecf 
the  Candle  o  ghttoap-  Tab.XVII# 
pe>  r  j  tor  fince  the  Fig.  5. 
Rays  of  every  Penci 
converge  towards  eich  other,  that  is, 
do  not  come  ’rom  any  given  Point, 
but  as  it  were  from  an  infi  ite  Di¬ 
rt  nee,  to  enter  into  the  Eye  $  and, 
fince  thofe  reflected  Rays  BM,  SM 
do  not  meet  with  their  refpeCtive 
Perpendiculars  of  Incidence  DT,FL, 
( from  wh:ch  meeting  the  Place  of 
the  Image  is  always  determined  ) 
there  remains  nothing  to  judge  of 
the  Diftance  of  the  Image  by  but 
mere  Prejudice. 

It  was  very  ill  *  Catopricks 
therefore  in  *  Tac-  Book  III. 
quet,  after  he  had  fo  Prop.  30. 
well  demonftrated 
under  this  Head $  that  the  refit&ed 
Image  in  any  Looking;- Glafs  is  al¬ 
ways  jeon  in  the  Place  where  the  re - 
fetied  Rays  meet  with  their  Cathetus 
of  Incidence ,  ( the  Cathetus  of  Inci¬ 
dence  is  a  Line  drawn  from  any  Point 
in  the  Object  perpendicular  to  the 
Glafs)  to  except  this  lart  Cafe  as  con¬ 
tradicting  this  Axiom  $  whereas  it 
is  no  ways  contradictory  to  it.  For 
when  the  Eye  is  in  luch  a  Pofition, 
as  to  receive  the  reflected  Rays  be¬ 
fore  they  meet  with  their  Catheti  of 
Incidence,  the  Image  cannot  be  feen 
where  they  meet,  becaufe  they  don't 
meet  any  where  j  neither  is  it  feen 
in  any  other  certain  Place ;  but  it 
affeCts  .he  Eye  as  if  it  came  from  an 
infinite  Diftance  }  in  the  fame  Man¬ 
ner  as  when  the  Rays  come  ccnverg- 
ingout  of  a  PerfpeCtive  Glafs.  See 
the  Notes  on  Chap,  xxxiii.  Art.  7. 

the 
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the  Obje£,  is  not  upon  the  Superficies  of  the  Glafs, 
but  in  the  Air,  in  the  Place  where  we  imagine  we  fee 
the  Object,  and  where  the  Rays  which  come  from  every 
Part  of  it,  are  united  after  Reflexion  (1). 


(1)  Befides  fuch  Looking-GIafles 
where  we  look  upon  one  Superficies 
only,  we  may  alfo  confider  Perfpec- 
tive-  Glaffes,  or  certain  clear  Glaffes, 
as  Looking- Glaffes  confifting  of  two 
Superficies  $  according  to  the  Variety 
of  which,  there  is  alfo  a  wonderful 
Variety  of  refledled  Images.  For 
not  only  the  firft  Superficies  which 
receives  the  incident  Rays  out  of 
Air,  but  alfo  the  fecond  Superficies 
which  receives  the  Rays  going  out 
of  Glafs  into  Air,  exhibits  a  reflec¬ 
ted  Imige,  as  may  be  feen  by  placing 
a  Candle  before  fuch  a  Glafs. 

Firft  then,  let  a  Candle  be  placed 
before  a  Glafs  which  is  plain  on 
both  Sides  ;  then  the  Images  reflec¬ 
ted  by  each  Superficies,  will  both  be 
feen  eredl  and  exadlly  like  each  o- 
ther,  excepting  only,  that  That 
wh  ch  is  refledled  by  the  farther  Su¬ 
perficies  will  feem  a  little  more  ob- 
lcure,  becaufe  a  great  many  of  the 
Rays  have  already  been  reflected  by 
the  firft  Superficies* 

Secondly,  Let  the  Glafs  be  plain 
on  the  one  Side,  and  convex  on  the 
other  j  then  if  the  Candle  be  placed 
before  the  convex  Superficies,  the  I- 
ihage  will  be  refledled  eredl  by  each 
Superficies  ( unlefs  the  Glafs  be  of 
fuch  a  Thicknefs,  and  the  Fore  fide 
of  it  fo  convex,  that  the  Rays  in 
paffing  through  it  are  made  converg¬ 
ing,  and  after  having  been  refledled 
by  the  plain  Superficies,  and  pafling 
a  fecond  Time  through  the  convex 
Side,  meet  in  a  Focus  before  they 
come  to  the  Eye  ;  in  which  Cafe 
the  Image  from  the  latter  plain  Su  - 
perficies  wiil  be  feen  inverted)  but 
that  which  k  from  the  firft  and 
convex  Superficies,  will  appear  Ufa. 


But  if  the  Candle  be  placed  before 
the  plain  Superficies,  then  the  Image 
reflected  from  the  firft  Superficie» 
will  be  eredl  again,  and  that  from 
the  further  Superficies,  which  is 
concave  within,  will  be  refledled  in¬ 
verted,  and  will  alfo  feem  to  be 
much  nearer  to  the  Eye,  than  that 
from  the  firft  and  plain  Superfi¬ 
cies. 

Thirdly,  Let  the  Glafs  be  plain  on 
one  Side,  and  concave  on  the  other. 
Then  if  the  Candle  be  placed  before 
the  concave  Superficies,  the  Image 
refledled  from  the  firft  Superficies 
will  be  inverted,  and  that  from  the 
further  one,  eredl.  But  if  the 
Candle  be  placed  before  the  plain 
Superficies,  the  Images  refledled  from 
each  Superficies  will  be  eredl,  but 
that  from  the  further  one,  which  is 
convex  within,  will  appear  le/s. 

Fourthly,  Let  the  Glafs  be  con* 
cave  on  one  Side,  and  convex  on 
the  other.  Then  if  the  Candle  be 
placed  before  the  concave  Superfi¬ 
cies,  the  Images  by  each  Superfi¬ 
cies,  will  be  inverted  j  but  if  before 
the  convex  Side,  they  will  be  both 
eredl. 

Fifthly,  Let  the  Glafs  be  convex 
on  both  Sides-  Then  the  Image  of 
the  Candle  placed  before  it,  will 
always  be  refledled  eredl  by  the  firft 
Superficies  j  and  always  invert  by 
the  other  Superficies,  which  is  con* 
cave  within. 

Laftiy,  Let  the  Glafs  be  concave 
on  both  Sides.  Then  the  Image  of 
the  Candle  placed  before  it,  will  al¬ 
ways  be .  refleaed  by  the  firft  Su¬ 
perficies  inverted,  and  always  eredl 
by  the  latter  which  is  convex 
within. 
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CHAP.  XXXV. 


A  Solution  of  fome  Problems  concerning  Vifion . 

i.  Of  the  '"pHOUGH  I  have  been  very  large  upon  this  Sub- 
Ray*  i which  JL  je&  0f  Vifion,  yet  I  doubt  not  but  that  I  have 
^wards'*  palled  over  a  great  many  curious  Queftions,  the  Solu- 
and  down-  tion  of  which  may  perhaps  be  fomewhat  difficult  to 
wards  from  th0fe  who  are  not  well  acquainted  with  our  manner  of 
Explication.  That  this  Treatife  therefore  may  be  as 
little  defective  as  poffible,  and  to  fhow  the  Ufefulnefs 
of  it,  I  ftiall  here  propofe  fome  of  thefe  Sort  of  Que¬ 
ries  and  leave  the  Excellency,  at  leaft  the  Truth  of 
our  Hypothefis  to  be  judged  of,  by  feeing  how  eafy  it 
is  to  relolve  them.  And  Firft,  I  ask  ;  Whence  is  it* 
that  when  we  look  upon  a  lighted  Candle  at  a  little  Di - 
fiance  with  our  Eyes  winkings  there  feem  to  come  Rays  of 
Light  from  the  Flame  of  the  Candle ,  and  dart  upwards, 
and  downwards  into  the  Air  ?  And  whence  is  it  alfo 
that  if  an  opake  Body  be  put  between  the  Eye  and  the 
Place  where  we  fee  the  uppermojl  Rays ,  we  Jlill  continue 
to  fee  them  ;  and  on  the  contrary ,  ceafe  to  fee  the  lowermoft 
Rays  ?  In  order  to  underftand  the  Reafon  of  thefe  Phae- 
Fig.*3*  ?  nomena,  let  us  confider  the  Eye  A,  the  Eye-lids  of 
which  H,  I,  are  fo  near  each  other,  that  there  is  only 
a  very  narrow  Palfage  left,  through  which  the  Rays 
which  come  from  the  Candle  BCD  pafs  to  imprefs  its 
Image  on  the  Part  of  the  Retina  EFG  in  the  Manner 
.  above  explained  :  Further,  it  is  to  be  obferved,  that 
the  Parts  H  and  I  ( which  are  ufed  to  touch  one  ano¬ 
ther  when  the  Eye  is  clofe  fhut,)  are  fo  fmooth,  that 
they  referable  ( i )  two  fmall  convex  Looking-Glafles, 
which  reflect  the  Rays  of  Light  falling  upon  them,  to- 


(i)  Two  fmall  convex  Locking- 
ClaJJes)  The  Rays  in  this  Cafe,  are 
not  reflected  by  the  inward  Super¬ 
ficies  of  the  Eye-lids  themfelves,  in 
yie  manner  of  hook'-ng-Giatfes,  but 


are  refracted  by  the  Humour  which 
flicks  to  the  out-fide  of  them  ;  ij} 
explaining  all  the  reft  of  this  Phae  ¬ 
nomenon,  the  Keafpn  is  the  fame. 


wards 
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wards  the  Retina ,  to  the  Parts  of  it  EK,  FL,  which 
otherwife  y/ould  not  have  been  affeded  but  by  Objeds 
which  are  about  BM  and  CN.  Wherefore  thelmpref- 
fion  made  upon  EK  caufe  the  Appearance  of  bright 
Rays,  which  we  refer  to  the  Place  BM,  and  the  Im- 
preffion  made  on  GL  caufe  the  Appearance  of  the 
Rays,  which  we  imagine  to  be  in  CN.  But  that  which 
is  moil  worthy  of  Obfervation  here,  is,  that  the  Part 
of  the  Flame  fi,  which  illuminates  the  lower  Eye-lid  I 
by  Rays  which  are  refleded  to  the  upper  Part  of  the 
Retina  LG,  caufe  the  Appearance  of  the  lower  Rays 
CN ;  wherefore  if  an  opake  Body  OP  be  put  between 
the  Eye  and  upper  Part  of  the  Flame,  we  fhall  ceafe 
to  fee  the  lower  Rays,  and  continue  to  fee  the  upper 
ones,  becaufe  they  are  feen  by  Means  of  the  Rays 
CH,  which  come  from  the  Bottom  of  the  Flame,  and 
which  are  not  intercepted.  And  all  the  Difference  that 
we  fhall  find  in  thefe  upper  Rays,  is  this  that  wThere- 
as  before  they  feemed  to  be  in  BM,  they  will  now 
feem  to  be  on  this  Side  the  opake  Body  OP.  But 
when  the  Eye  is  opened  as  ufual,  that  is,  when  the  Eye¬ 
lids  come  no  nearer  than  S  and  T,  we  ought  not  to 
fee  thefe  Rays  of  Light  ;  becaufe  the  Rays  which  fall 
upon  thofe  Places  which  we  now  compared  to  Looking- 
Glaffes,  enter  but  a  little  way  into  the  aqueous  Hwnour 
at  furtheft,  and  are  hindred  from  going  any  further  by 
the  Uveous  Tunick. 

2.  Whence  is  it  that  when  a  Fire-brand  is  turned  rounds  2.  Of  aFire- 
we  fee  a  Circle  of  Fire  through  which  it  pajfed  ?  The  Rea-  turned 
fon  of  this,  is,  becaufe  the  Fire-brand  makes  a  circular 
ImprefTion  upon  the  Retina ,  and  the  Motion  of  it  being 

very  quick,  fome  of  the  ImprefTion  made  at  firft  remains 
till  it  returns  again. 

3.  From  this  Phaenomenon  we  may  draw  this  Conclu-  3  -That  the 

fion,  that  though  Vifion  is  made  in  an  Inflant,  it  does 
however  continue  fome  fhort  Space  of  Time.  time. 

4.  Whence  is  it  that  a  Cannon-ball ,  or  any  other  black  4  y 
Body ,  paffing  very  quick  before  a  white  Wall ,  cannot  be 
perceived  at  all  ?  The  Reafon  is,  becaufe  a  black  Bo-  j!ei  wbicb 
dy  making  no  Imprefiion  upon  the  Eye ;  the  Ball  in-  very 
terrupts  the  Rays  of  Light  refleded  from  the  Wall,  fo 

very  little,  that  the  Motion  which  thefe  Rays  excited 
in  the  Eye  juft  before,  is  continued  in  it  for  fo  fhort  a 

rp  • 

I  ime. 
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5.  Why  fame  5.  Why  do  feme  Perfons  fee  diftinttly  at  a  certain  Di- 

fee  oTjea ?  ftance  onho  an^  fee  confufedly  at  a  greater  or  lejfer  Di - 
Jiftinaiy^at  fiance  f  It  is  (1)  becaufe  they  are  fo  accuftomed  to  look 
c  certainDi -  at  that  Diftance,  that  the  Mufcles  by  which  the  Figure 
ftance  cny .  ^  tjje  £ye  altered,  are  grown  ftiff,  and  uncapable 
of  performing  their  Office  ;  in  the  fame  Manner  as  the 
other  Mufcles  of  the  Body  are  uncapable  of  moving 
the  Members  of  it,  if  they  have  not  been  exercifed 
for  a  long  T ime.  T o  which  we  may  add  ;  that  the 
T unicks  which  contain  the  three  Humours  of  the  Eye, 
are  fo  hardened,  that  they  will  not  fo  eafily  yield  as 
before. 

6.  Of  Vtji'rt  6.  Whence  is  it  that  an  ObjeSi  which  appears  confufedy 
tbro^  a  Hale  when  we  look  at  it  too  neary  may  be  feen  very  difiinfily  at 

Need^Ub  “  fame  R[ftance  through  a  Hole  made  with  a  Needle  in 
a  feme  Card ,  or  a  Piece  of  Paper  ?  The  Reafon  is,  be¬ 
caufe  the  Eye  then  receiving  a  lefs  Quantity  of*  Rays 
from  every  Point  of  the  Objeft,  each  of  them  paints  its 
Image  but  upon  a  very  fmall  Space,  fo  that  they  which 
come  from  two  neighbouring  Points,  do  not  confound 
each  other’s  Actions  (2). 


7.  Whence 


(1)  Becaufe  they  are  fo  accujlom. 
ed,  &c,)  This  often  happens  to  fome 
particular  Sort  of  Workmen,  as  En¬ 
gravers,  &c.  and  ought  to  be  looked 
upon  as  a  particular  Sort  of  Diftem- 
per. 

(2)  It  may  alfo  here  be  enquired; 
Why  a  very  fmall  opake  Body  fuf- 
pe tided  in  the  Middle  of  an  Hole  be¬ 
tween  the  Eye  and  a  great  many 
Lights ,  it  multiplied  Jo  as  to  be 
feen  before  every  Light  ?  The  Rea. 
ion  is ,  becaufe  the  Rays  crofs  one 
ansther  in  that  Hole,  and  are  in¬ 
tercepted  by  the  fmall  opake  Bo¬ 
dy  Let  us  imagine 

Tab.  VI»  GHILN  to  be  the  Eye, 
PEDFQjhe  fmall  Hole 
In  the  Paper,  fID  the  fmall  opake 
Body  fufpended  in  the  Middle  of 
the  Hole  ;  ard  A,  B,  C,  three  Can¬ 
dles.  This  being  fuppofed,  the  Bo¬ 
dy  HD  will  intercept  the  Ray 
BO  ;  then  the  Shadow  of  that  Bo¬ 
dy  will  fall  oa  O,  and  therefore 
the  Body  it  felf  will  be  feen  in  B  ; 
fo  likewife  it  will  intercept  the 
Ray  AX ,  fo  that  its  Shadow  will 


fall  upon  X,  and  therefore  it  will 
be  feen  in  A.  L  ftly,  it  wilt  al. 
fo  intercept  the  Ray  CY,  whofe 
Shadow  will  fall  on  Y,  and  there¬ 
fore  it  will  be  feen  in  C.  Neither 
is  it  neceflary  that  an  opake  Body 
fhould  be  fufpended  in  a  Hole  at 
all :  For  fince  the  Rays  that  come 
from  a  great  many  lucid  Bodies, 
crofs  one  another  in  the  Tunica 
Cornea ,  if  you  fix  your  Eyes  upon 
a  Fire  of  burning  Coals,  and  put 
a  very  {lender  Iron- rod  clofe  to  your 
Eye,  it  will  be  greatly  multiplied, 
and  feen  as  it  were  before  every 
Coal. 

Secondly,  Why  an  Objeli  is  feen 
double  when  looked  at  with  one  Eye 
through  two  Holes  made  in  a  Pa... 
per  clofe  to  each  other  ?  In  order 
to  account  for  this  Effeft,  it  is  to 
be  obferved,  that  the  Objefts  are 
never  feen  double,  but  when  all 
the  Rays  of  the  fame  Pencil,  meet 
together  before  they  come  to  the 
Bottom  of  the  Eye,  or  after  they 
are  palled  beyond  it.  In  order  to 
have  thefe  Rays  meet  together  be¬ 
fore 
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7.  Whence  is  it  that  thofe  who  have  been  couched 
Catarafts,  can  fee  but  confufedly  afterwards ,  W  why  do  Zen  cached 
they  want  very  large  convex  Glaffes  in  order  to  fee  di-  of  Cataract 
Jiinftly  ?  Before  we  refolve  this  Queftion,  it  is  to  be  ob-  ZZifywL 
fe rved,  that  a  Cataract  is  not  a  Pearly  Subftance  form-  oiajfes . 
ecj  between  the  Aqueous  and  Chryltalline  Humours,  as 
has  been  long  imagined,  but  is  an  Alteration  made  in 
the  Chryftalline  Humour  it  felf,  which  has  thereby  in- 
tirely  loft  its  Tranfparency  and  is  become  opaice,  if  not 
through  the  whole  Subftance  of  it,  yet  at  leaft  in  fome 
Part  of  it  ;  which  may  very  eafily  be,  for  this  Humour 
is  compofed  of  a  great  many  Membranes  one  upon  ano¬ 
ther,  which  become  viftble  when  it  is  boiled.  Whence 


fore  they  arrive  at  the 
Tab.  X.  Bottom  of  the  Eye,  let 
us  fuppofe  CDE  to  be 
the  Pupil  of  a  young  deep  Eye,  the 
middle  Part  of  which  D  is  covered 
by  the  fmall  Interftice  between  the 
Holes  of  the  Paper  j  and  letOQNPR 
be  the  Bottom  of  the  Eye.  Now 
becaufe  this  opake  Body  intercepts  a 
great  many  of  the  Rays,  and  for 
that  Reafon  makes  all  the  Pencils 
hollow,  that  is,  without  any  Rays 
in  the  Middle  of  them  j  it  is  evi¬ 
dent  that  the  Point  A  is  feen  in 
the  Place  marked  i  by  the  extreme 
Rays  HR,  and  a  few  others  near 
them,  and  in  the  Place  marked  3 
by  the  Rays  HQ^,  HN,  whereas, 
otherwife  it  would  have  been  feen 
only  confufedly  in  A  by  the  mid¬ 
dle  Rays  P,  and  thofe  which  fur- 
round  them.  And  becaufe  the  fame 
Thing  happens  in  every  other  Point 
of  the  Arrow,  it  fhows  that  it 
ought  fo  to  appear  double ,  that 
when  the  right  Hole  DE  of  the  o- 
pake  Body  which  covers  the  Pupil 
is  flopped,  the  lefc  Image  OQ,  and 
the  Arrow  on  the  right  Side  dis¬ 
appear  j  and  if  the  left  Hole  be  flop¬ 
ped,  the  right  Image  and  left  Ar¬ 
row  difappear.  But  if  on  the  other 
Hand,  we  fuppofe  the  Eye  to  be  old 
and  flat,  fo  that  the  Bottom  of  it  is 
not  OQNPR,  but  very  near  GYH, 
and  that  the  Rays  of  every  Pencil 
arrive  at  the  Bottom  of  the  Eye  be. 
fore  they  are  collected  into  a  Point, 


the  Arrow  will  be  leen  double  again, 
but  fo  that  the  Images  cf  it  upon 
flopping  the  Holes  by  Turns,  will 
difappear  in  the  contrary  Manner  to 
what  they  did  before.  Further,  by 
the  fame  Argument  we  may  collett, 
that  if  there  be  a  great  many  Holes 
inftead  of  Two,  there  ought  to  be 
a  great  many  Images  of  the  Objrft 
feen.  Laftly,  Why  the  Body  which 
appears  double  in  this  Manner,  ap¬ 
pears  to  be  edged  with  Colours  alfo, 
may  be  feen  in  the  Notet  on  Chap, 
xxvii.  Art .  6  5.  towards  the  End. 

Thirdly,  Why ,  if  there  be  two  Tab.XVIXl. 
Candies  A  and  B  fo  placed ,  that  pjgt  ^ 
through  the  Hole  5,  only  the  Candle 
A  can  be  feen  with  the  right  Eye 
F ,  and  only  the  Candle  B  with  the 
left  Eye  D  5  when  both  the  Eyes  art 
open  to^e.htry  is  there  one  Candle  only 
feen ,  as  if  it  were  in  H  >  but  the 
Candles  muft  be  both  of  the  fame 
Heigbth,  and  at  the  fame  Time  no 
opake  Bodies  mufi  be  feen  with  which 
the  true  Places  of  the  Candles  A  and 
B  may  be  compared  ?  The  Reafon 
hereof,  is,  That  becaufe  one  Candle 
only  can  be  feen  by  each  Eye  j  and 
one  Eye  only  makes  a  very  bad 
Judgement  of  the  true  Diftance  of 
Obje&sj  each  of  thefe  Candles  are 
therefore  feen  nearer  than  it  really 
is,  the  one  in  the  Line  AF,  and 
the  other  in  the  Line  BD,  and  there¬ 
fore  they  fee m  both  to  unite  in  the 
common  Place  H  as  if  they  were 
but  one. 


S'  Wby  iv e 
fee  confufed- 
iy,  when  <we 
are  under 
Water* 


9.  Wby  if 
•we  look  in. 
tently  with 
one  Eye  upon 
a  fmall  Ob. 
jebl,  we  can¬ 
not  fee  ano . 
tber  fmall 
Objebl 
which  is 
•very  near  it. 


3®.  7! bat  it 

is  fometitnes 
•worth  while 
to  take  the 
Pains  to 
fnd  out  the 
'Irutb* 


/ 
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it  follows,  that  when  the  Cataract:  is  taken  away,  the 
whole  Chryftalline  Humour  is  taken  away,  or  at  leall, 
is  made  flatter  or  lefs  convex  than  it  was  before :  Now 
if  this  Humour  be  lefs  convex  than  it  was  before,  the 
Rays  which  the  Eye  receives  from  every  Point  of  the 
Object  will  not  be  fo  much  refradled,  or  will  not  incline 
fo  much  to  each  other,  as  to  be  able  to  unite  together 
when  they  come  at  the  Retina  ^  and  this  muff  make  the 
Vifion  confufed.  But  this  may  be  remedied  by  the  Help 
of  a  very  convex  Glafs,  which  makes  the  Rays  that  were 
before  diverging,  become  converging  when  they  enter  in¬ 
to  the  Eye. 

8.  Wby  do  Divers ,  when  they  are  under  Water  fee  all 
Things  confufedly ,  unlefs  they  make  ufe  of  very  convex 
Glaffes  f  The  Reafon  is,  becaufe  the  Rays  of  Light 
which  come  to  them  from  the  Objeft,  are  very  little 
refra&ed  in  palling  out  of  Water  into  the  Aqueous  Hu¬ 
mour  of  the  Eye,  fo  that  thofe  Rays  which  come  from 
the  fame  Point,  are  not  united  together  when  they  fall 
upon  the  Retina ;  and  this  is  remedied  by  very  convex 
Glaffes. 

9.  Laftly ,  Whence  is  it ,  that  if  we  f hut  one  Eye ,  and 
look  intently  with  the  other,  upon  a  fmall  Objedl  which  is 
at  fix  Foot  Di/lance  fuppofe  ;  we  cannot  at  the  fame  Dime 
fee  another  fmall  Objett,  ivhich  is  at  a  little  more  than 
half  a  Foot  Dijlance  from  it ;  though  we  can  fee  it ,  if  it 
be  a  little  nearer ,  or  a  little  further  off  ?  The  Reafon 
is,  becaufe  when  this  other  fmall  Objedf  is  at  the  Place 
where  it  cannot  be  feen,  it  impreffes  the  Image  exactly 
on  that  Part  of  the  Bottom  of  the  Eye  where  the  Op ? 
tick  Nerve  enters  in,  and  where  the  Separation  of  the 
Capillaments  of  this  Nerve  is  made,  in  order  to  fpread 
themfelves  every  Way,  and  cover  the  Bottom  of  the 
Eye ;  fo  that  this  Image  has  no  Effe£I,  becaufe  it  does 
not  fall  upon  the  Extremities  of  the  Capillaments  of  the 
Optic k  Nerve,  which  is  neceffary  in  order  to  Sight,  £s 
has  been  before  explained. 

10.  There  are  innumerable  other  Queftions  upon  this 
Subjedf,  that  might  be  asked  ;  but  they  who  rightly 
underftand  the  Nature  of  Vifion ,  will  find  it  no  great 
Difficulty  to  refolve  themfelves,  and  the  Pains  which 
they  take  in  finding  out  the  Solution  of  them,  will 
make  them  have  a  clearer  Notion  of  them,  and  render 


them  more  familiar 


And  as  to  thofe  who  are  unca- 

pable 
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pable  of  underllanding  them,  or  who  will  not  be  at  any 
Pains  ;  it  is  to  no  purpofe  to  attempt  to  fatisfy  them,  by 
explaining  a  great  Number  of  Queftions.  Wherefore  I 
fhall  here  conclude  this  firft  Part ;  which  is  fufficient  to 
content  all  reafonable  Perfons,  and  to  open  the  Minds  of 
fuch,  that  they  may  for  the  future  proceed  in  a  right 
Method  of  difcovering  the  Truth,  and  avoiding  Error, 
which  are  the  Two  Things  we  ought  principally  to  have 
in  View  in  all  humane  Sciences.  For  the  Exadlnefs  and 
Improvement  of  Reafon,  together  with  fuch  a  Freedom 
and  Openefs  of  Mind,  as  may  render  it  capable  of  judging 
fincerely  and  impartially,  and  of  clearing  it  felf  of  all 
Difficulties,  are  incomparably  more  to  be  valued  than 
the  Knowledge  of  all  the  Sciences  in  the  World. 


\ the  End  of  the  Firft  Part , 
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the  Invafion  of  the  Romans ,  to  the  End  of  the  Reign  of  King 
James  the  Second.  By  Mr.  de  Rapin  Fhoyras.  Done  into  En- 
glijh  from  the  French ,  with  large  and  ufeful  Notes,  by  N.  Fin- 
dal ,  A.  M.  Vicar  ol  Great  Waltham  in  EJfex.  Illuftrated  with 
the  Heads  of  the  Kings  and  Queens  engraven  by  Mr.  Vertue , 
and  with  feveral  Maps  and  Genealogical  Tables  on  Copper 
Plates.  In  two  Vols.  Folio. 

A  Colleflion  of  Voyages  in  four  Vols.  in  8 vo.  Containing, 

I.  Capt.  William  Dampier's  Voyages  round  the  World  :  De- 
fcribing  particularly  the  Coafts  and  Iflands  in  the.  Eaji  and  Weft 
Indies ,  the  South  Sea  Coafts  of  Chili ,  Peru,  and  Mexico ,  See. 

II.  The  Voyage  of  Lionel  Wafer ;  giving  an  Account  of  his 
being  left  on  the  Ifthmus  of  America  amongft  the  Indies ,  and 
of  their  Treatment  of  him ;  with  a  particular  Defcription  of 
the  Country,  &c. 

III.  A  Voyage  round  the  World  by  W.  Funnell. 

IV.  Captain  Cowley  s  Voyage  round  the  Globe/ 

V.  Captain  Sharp's  Journey  over  the  Ifthmus  of  Darien ,  and 
Expedition  into  the  South  Seas. 

VI.  Captain  Wood' sVoy age  through  the  S freights  of  Magellan. 

VII.  Mr.  Roberts' s  Adventures  and  Sufferings  amongft  the 
Corfairs  of  the  Levant.  His  Defcription  of  the  Archipelago 
IJlands,  See.  Illuftrated  with  Maps  and  Draughts:  Alfo  feveral 
Beaft>\  Birds,  Fifties,  and  Plants,  not  found  in  this  Part  of  the 
World,  curioufly  engraven  on  Copper  Plates. 

Beveregii  ‘Epifcop.  St.  Afaph :  lnftitutionum  Chronologic  arum 
Libri  duo ,  una  cum  totidem  Arithmetices  Chronologic *e  Libellis . 
8  vo.  Editio  Ferti  a.  pr.  6s. 

Bp.  Beveridge's  Private  Thoughts.  2  Vols.  %vo.  and  1  zmo. 

- Expofition  on  the  Thirty-nine  Articles. 

- -  Necefiity  of  publick  Prayer  and  frequent  Commu¬ 
nion.  Svo.  and  1  zmo. 

- Fhefaurus  Fheologicus.  Four  Vols.  Svo. 

- — ■ — -  on  the  Church  Catechifm,  1  zmo. 
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